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Abstract: This report was organized and written by the ACM SIGSPATIAL China Chapter. It is 



 

 

the continuation and expansion of the National Spatial Data Intelligence Annual Development 

Report (2022) and the Spatial Data Intelligence and Urban Metaverse White Paper (2023). It was 

officially released at the 5th Spatial Data Intelligence Academic Conference (SpatialDI 2024). 

This report takes the spatial data intelligent large model as the core, focuses on the principles, 

methods and application frontiers of the spatial data intelligent large model, and provides an in-

depth explanation of the definition, development process, current situation and trends, challenges 

and other issues of the spatial data intelligent large model. The key technologies of large data 

intelligent models and their application scenarios in cities, air and space remote sensing, 

geography, transportation, etc. are systematically elaborated. At the same time, the current 

application scenarios of large spatial data intelligent models in cities, multi-modal, remote 

sensing, smart transportation, etc. are summarized. The latest application cases on topics such as 

resources and environment, and finally the development prospects of spatial data intelligent large 

models are summarized and prospected. This report elaborates on the background and definition 

of the core concept of spatial data intelligent large models, and deeply discusses the three-stage 

development process of spatial data intelligent large models, and analyzes the spatial data 

intelligent large models. Research status and development trends; on this basis, this report 

proposes three major challenges faced by large spatial data intelligent models today. This report 

focuses on the current research status of spatial data intelligent large-scale models and sorts out 

the research progress in four major thematic areas of spatial data intelligent large-scale models: 

cities, air and space remote sensing, geography, and transportation. This report systematically 

introduces the key technologies, characteristics and advantages, research status, future 

development and other core information of spatial data intelligent large models, involving 

spatiotemporal big data platforms, distributed computing, 3D virtual reality, space The basic 

performance of large models such as analysis and visualization, as well as the complex spatial 

comprehensive performance of large models such as geospatial intelligent computing, deep 

learning, high-performance processing of big data, geographical knowledge graphs, and 

geographical intelligent multi-scenario simulation, analyze the application of the above key 

technologies in spatial data The location and role of smart large models. This report systematically 

sorts out the latest application cases of large-scale spatial data intelligent models, spanning five 

major fields including cities, multi-modal data processing, remote sensing intelligent computing, 

smart transportation, and resources and environment, focusing on the future of spatial data. It 

deals with the development and changes of analysis scenarios and looks forward to the three 

development trends of spatial data intelligent large models, which provides a reference for the 

future development of spatial data intelligent large models in industry, academia, and research. 

This report aims to promote the development of large spatial data intelligent models in the AGI 

era and their applications in urban, air and space remote sensing, geography, transportation and 

other fields, and to promote cross-research on large spatial data intelligent models in the fields of 

geographic information science, computer science and other fields. The academic exchange of 

theory, technology and application points the way to solve the major challenges and bottlenecks 

faced by the development of spatial data intelligent large model industry. 

Key words: Spatial data intelligent foundation model; Intelligent computation; AGI; GeoAI; 

Multi-model 
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ѿȁ  

ֲ ꜚԅ⇔ Ҍ ̆ ȁChatGPTῒֲז

Ȃ ҍֲ ̆ ԅ ֲ ̂GeoAĨҍ

̆ ԅҍ ֲ ῏ ̆ɒ

ֲ ̆ ῏ԍ ̆ ֲҍ ԑᵬ

Ȃ ֓ ץ ҹ῍ Ғ̆ ԍ ‗ ץ̆ ᴪ

ҳ ̆ Ȃ ╠̆ ῏ Ҍ ԍ ̆

ⱳ ԍֲ Һӈ ȁ ‰῾ҙȁ ⅞ȁ֜ ȁᶫ ȁ⁞ Ṝ Ҋ

ᴋⱵ̂Gao et al., 2023Ȃ̃ 

1.1 ӎ Ὶ  

≠ ᾢ Ḥ ȁֲ ȁ № ȁᾢ

ȁ ȁ№֣ȁ ȁ№ ѿҩ ֜

Ȃ ChatGPTѿ ↓ ̆ Ḥ ᴪ ῀ԅ Һ

Ȃ № ԅѿҩ⅞ ף ĺĺ Ȃף ҩ

̆ף ᾢ ̆ ῒ ֲ ȁ ӟȁ ֲ

̆῍ ꜚ Ȃ 

≠ ᾢ Ḥ ȁֲ ȁ № ȁᾢ

ᾝ ̆ ѿҩ ȁ ῃ ȁ ῀№

Ȃ ҩ Ҍֽ ̆ ҍ֜

̆ ᴇṿ ҹ̆ ҙ ᶫ ‰ Ḥ Ⱶ

‗ Ȃ ԅ ȁ ȁ № ῃ Һ

̆ ῃ ȁ ȁ ῀№ ῃḠ ̆ ῃ

ᵝ Ȃ Ҍֽ῏ ҍ ̆ Ữҍ ȁⱴ

῀№ ץ̆ ῃ ̆ Ḡ ȁ‰ Ȃ 

ҍᴰ ֲ ̆ ΐ Ҋץ ̔ ᾢ̆

̆ Ḥ ȁ ȁᴰ ҩ ̆

ῃ ᵝȁ Ḥ № Ȃῒ ̆ ΐ ֜ ⱬ̆Ҍֽֽ

ԍ ̆ ҍῒז ֜ ̆ ȁ ȁ ȁ

̆ № ‗ ȂῬ ̆ ΐ ⱬ̆

ȁ Ṣ̆ꜛ№ ̆

№ Ȃ ̆ ⱳ ̆ ӟ ̆

̆ҹ ᶫ ‰ Ḥ Ⱶ ‗ Ȃ 

№ҹץҊ҈ҩ ̔ 

ѿ Ȃ ѿ ̆ № Һ ᶭ ԍᴰ Ȃ

ֲ ⱬԍ׆ Ҭ ₮ ץ̆ ≠

֓ Ȃ ȁ№ ȁ῏ ↕ ̆ ֓ №

̆ ῒҬ ῏ Ȃ ̆ ѿ ̆ Һ ᶭ ԍ

ֲ └ ↕ ̆ ᾟ№≠ ῤ Ȃ ̆

֓ Ҋ ԅ῏ ̆ᵖ ȁ ⱬҌ׆ Ȃ 

̆ № Һ Ҭ ҹ̆
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‗ ᶫ Ȃ ̆ ԍ ̆ ̆

ғ Ȃ ̆ ѿ֓ Ҋ ԅѿ ⱳ̆p

Ҭ Ҍ ֲ Ȃ 

ԋ ᴰ ӟ ӟ Ȃ ӟ ӟ

̆ № ῀ԅ ֓ᾢ Ȃᴰ ӟ ̆

̂SVM̃ȁ‗ ץ̆ ӟ ̆ ̂CNÑȁ ̂RNÑ

ҹ̆ № ԅ ⱬȂ ֓ ̆

№ ׆̆ Ἕ ≢ȁ Ḥ ԅ Ȃ 

ᴰ ӟ ӟ ῀̆ᶏ № ⌠ԅ

Ȃ ֓ Ҍֽ ȁ ̆ ᾟ№ Ҭ

Ȃ ῒ ӟ ᶏ̆ № ⌠ԅ╠ ҹ̆

№ ᶫԅῃ Ȃ 

҈ Ȃ ֲ Ҍ ̆

ֲ ҹ ᶫԅ Ȃ ӟ ̆ ֓

῀ ῤ ׆̆ ҹ ‰ȁ Ȃ Ҍֽ

ԅ ̆ ү ԅ ᶏ̆ № ҹῃ ῀Ȃ

ֲ ῀ Ҍֽ̆ ԅ Ӟ̆ ԅῒ Ȃ

ӟ̆ ᾝ ҹ̆ № ᶫ ҹү ῀

Ȃ Ҍֽ̆ ԅ№ ‰ Ӟ̆Ḇ ԅҌ ӊ ֜ ҍ

̆ҹ ⇔ ῀ԅ ꜚⱬȂ 

ѿ ̆ ₮ ҹ № ץ

ԅ Ȃ ֓ Ҍֽ ȁ ̆ №

̆ ҹ ᶫ ‰ Ḥ ⱵȂ Ҍ Ҍ

̆ ╠ ⱴ Ȃ ⅞ȁ֜ ȁ

ᴧ ⱴ ᵬ ҹ̆ ױ Ḃ≠ Ȃ ̆ Ӟ Ҍ ꜚ

№ ⇔ ҍ ̆ҹ ҩ ᴪ ⱬ Ȃ 

҈ҩ ⅞№̆ ױ ⌠ ׆ ⌠ ̆

ץ ῒ Ȃ Ҍ Ҍ ̆

ᵬ ̆ ꜚ № ⇔ Ȃ ̆ ױ

⌠ ԍ ⇔ ҹֲ̆ ᴪ

ᶫ ⱴ Ḡ Ȃ 

1.2  

ӟ Ҭ ӟ ̆

҉҆ ᾝ ҆⌠ ַ ̆ ᴋⱵȂ ₮

̆ ꜚԅֲ ̆ᶏ ֲ Ἕ Ḥ Ȃ 

Ҍ ̆ ҙӞ ̆ └ ԍ Ғ

Ȃ ↕ ȁ ҍֲ ̆ ֜ ȁ

ȁ ȁ ȁ ҙ Ȃ 

1.2.1  

2006Hintonԅ῏ԍ ӟ ̆ ԅ ӟ 2̕012Hinton

ז ѿҩ ף AlexNet₮ҕ ImageNet ´ 2̕015

ᵥ ₮ ̆ᶏῒ ҹ ̆ ⱴ ̕2017

Google ₮Transformerľ ⱬ └Ŀ̆ ԅ ̂RNÑ
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̆ ֲ Ԋ ῏ ῀ 2̕021GoogleICLR҉ ₮ Vision 

Transformer̆ Transformer⌠ ̆ ף ̂CNÑ

ҹҺ ̕2022 ֲ῏ԍ ̆ῃ ׃ ԅ ⱬ

̆ ȁ ȁ ץ̆ Ҍ ȁ ȁ ȁ ᴶ

ᴪ ̕ ChatGPT̆Ҭ ᴑҙӞ Ȃ 

ӟ ѿ ╠ ӟ ̆ ҹ ӟ Һ ῒ̆

̆ Ҍ ⱴ ̆ ῀ ׆̆ ⌠ ‰

₮ȂҺ ӟ ̂DNÑȁ ̂CNÑȁ

̂RNÑ̆ ץ ӟ̂RL̃ Ȃץ ҹף ֲ ꜚ

ȁ ꜚ ȁ ȁ ≢ ⱳ Ȃᵄ

▲ ⱴ̆ ₮ҕ̆ ҹֲ ѿ Ȃ 

№ҹ ̂Mai et al., 2023̔̃ŵ ̆ᶛ PaLMȁ

LLAMAȁGPT-3ȁInstrucGPTȁChatGPTŶ̕ ̆ɒ ImagenȁStable Diffusionȁ

DALLĿE2ȁSAM̕ŷ ̆ᶛ CLIPȁOpenCLIPȁBLIPȁOpenFlamingoȁ

KOSMOS-1ȁGPT-4̕ Ÿ ӟ ̆ᶛ GatoȂץҊ ₃ҩῖ

׃ ̔ 

̂1̃ GPT 

2018 ̆OpenAIGPT↓ ̆ᶏ Transformer̆

ԑ ҉ ̆ ᴋⱵ҉ ₮ Ȃ2019̆OpenAIԅ

GPT-2 ΐ̆ ᶏ̆ῒ ֟ ⱴ

Ȃ2020̆OpenAI₮ԅGPT-3 ̆ΐ 1750ַҩ ̆

ᴋⱵ҉ ԅ ֲ Ȃ ץ ȁ ⇔

ȁ ̕ ̆ ᶏ GPT-3 ᶏ ׅ └Ȃ20233

15̆OpenAI ₮GPT-4̆ ̆ Ἕ ᾝ ₮ ῀ ̆

ⱬȂ ╠̆GPT ⇔ ⱬ̆ץ ChatGPTῒ ֟ ҹ

̆ ԅ ⱬ ҕ̆ ץ̆

ⱬȂ ȁ GPTᴪ Ȃ 

GPT-3 OpenAI ΐ 1750ַҩ ̆ ץ

ȁ ȁ № ᴋⱵȂGPT-3 ԍ Transformer̆ ԅ

̆ ҉ ӟ̆ ӟԅ ̆

ӊ ̆ ץ ᴋⱵ̆ɒ ȁ ȁ

№ Ȃ ̆GPT-3 ѿ֓ ‰ Ҭ ԅ ̆ ԅ

ᴋⱵҬ ₮ Ȃ ̆ ԍGPT-3 ̆

ᶏ Ӟ ҳѿ֓ ̕ ̆ ԍῒ ҉ Ӟ̆ ԅ

Ὲ ῏ Ȃ ̆ ֲ ᴪ ῍ ꜜⱬ ‗ ֓ ̆ ᶏ

GPT-3 Ⱶԍֲ Ȃ 

202211 30̆OpenAIԅ ChatGPT̆ᵬҹ ԍGPT-3.5

ѿҩ ̆ ҹ ₮ ᾛ̆ ᶏ

֜ԑ̆ ץ ȁ ȁΐ ̆ ꜚ ȁ №

ȁ ꜚ ȁ ȁ ᴋⱵ̆ ץ

ἝΏᵬȁ⇔ᵬȁף ⇔ ᴋⱵ̆ ץ ̆פ ׆ץ ᶛҬ

ӟ ᴋⱵȂChatGPT ҉ ԅ₮ ̆

ֽ̆ ᶏ ᶛ ֓ᴋⱵ҉ ԅ ᴋⱵ ғᶏ

Ȃ ₮ ᴋⱵ C̆hatGPT ’Ҋ ץ
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ȁ ғ ȂChatGPTҌӄ̆OpenAI ԅGPT-4̆

GPT-3.54096׆ ⌠32768Ȃ ԅ ≢ ἝḤ ₮

ӊ ̆GPT-4 ף Ȃ ̆GPT-4 פ

ȁ ȁ ȁ ȁ ȁ ᴧ ̆ ChatGPT̆₃Ӎ ⌠

ֲ ‰̆ Ҍ ̆ᵖ ҹ ѿҩ ֲ ̂ ҆ ̆

2023̃Ȃ 

̂2̃ SAM 

Segment Anything Model ̂SAM̃ Facebook Researchѿ Ἕ№◓ᴋ

Ⱶȁ ȂSAM ׆ץ ῀ ̂ ̃ ̆ ԍ Ἕ

Ҭ Ȃ ѿҩ 1100̓ Ἕ 110ַҩ ҉ ԅ

̆ ץ zero-shot transfer⌠ Ἕ№ ᴋⱵȂῒ№◓ ҹ ̆

╠№◓ ᶃ Ȃ Ἕ ȁ ȁ ҈ҩ ᴆ̆Ṣꜛ

ԅNLPᴋⱵҬ Prompt̆ Ἕ№◓ᴋⱵ ᶫ Prompt ᴋ

№◓Ȃ ץ ╠ / ȁ ȁᴋ ᴋᵥ Ἕ

Ҭ №◓ Ḥ Ȃ ᴋⱵ ῀ Ἕ ѿ֓ ̆ ₮ ҬҌ

Ḥ ̂Kirillov et al., 2023Ȃ̃ 

̂3̃ CLIPBLIP 

̂Vision-Language Pre-trainingV̆LP̃ ԅ ᴋⱵ Ȃ

Contrastive Language-Image Pre-traininĝCLIP̃ᵬҹVLP ѿҩ ᵬ̆

ӊѿ̆ OpenAI2021 ̆ ԍ Ἕ

ӟᴋⱵ̆ ῖӊᵬ̆

ԑ ̆ 4ַ ᶏ̆ ӟ ӟ

῀̂Radford et al., 2021Ȃ̃Bootstrapping Language-Image Pre-traininĝBLIP̃

ѿ VLP ̆ ԑ׆ Ἕ CLIP̆ Ἕ

ӟȁ Ἕ Ἕ ᴆ ҈ҩ ̂Li 

et al., 2022Ȃ̃ 

̂4̃ Gemini 

Geminiѿ Google DeepMindԍ202312 6 ֲ ̆

≢ ȁ Ἕȁ ȁ ף ԓ Ḥ ̆ ץ Һ ̂

PythonȁJavaȁC++̃ ף ̆ ῃ ῃ ᵀȂ ҩ ҹGemini 1.0̆

҈ҩҌ ᵣ ̔ ԍ ľ ᴋⱵĿ Gemini Ultraȁ ԍ ҩᴋⱵ

Gemini Nanoԍ ľ ҉ ᴋⱵĿ Gemini ProȂ 

̂5̃ Sora 

SoraOpenAIԍ 20242 15 ₮ ѿ ֲ

̆OpenAIῒ ҹ ľҕ ĿȂ ץ ⇔ ̆ΐ

⌠ ȁ ȁ ȁ ȁ׆ Ἕ ȁ

ҕ ⱬȂᵬҹѿ ῒ̆ ᶭ ԍ

̆ ӊ ԍ Ҍ ȁ № Ἕ̆

ѿ№ ̆ ױֲꜛ ‗ ҕ ԑꜚ Ȃ 

1.2.2  

ֲ ҍ ֜ ֲ̆

Ҍ ȂSmitĥ1984̃ Coucleliŝ1986̃ 20ҕ ף80 ֲ

‗ ᵬ O̕penshaw ̂1997Ӟ̃ ԅ῏ԍ ֲ Ғ

Ȃ ‗ ᴪֲ ֟ ֲ ῤ
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Ҍ̕ ֟ ȁֲ ꜚᵝ ȁ

Ӟ ץ ֲ ̂ ̆2020̕ ̆2019̃Ȃ 

ӟ̂ML̃ ֲ ̂AĨ ԅ ⱳ̆ᵖ

ԍ ֲ ̂GeoAĨ ῏Ғ ῒ̆῏ GeoAI

ȂGeoAI ȁ Ἕ̂ Ἕ Ἕ ȁ̃

ȁ ̂ OpenStreetMap̃̆ ֓

Ḥ ̂₃ᵥ ӈḤ Ȃ̃ ̆

̆ ᵥ ֓ ץ Ẓ ѿҩ Ҭ ה

ȂGeoAI ԅ GeoAIᴋⱵҬ Ȃ 

ԅҌ ̆ ѿ ̆ ӈ ȁẫ

ȁ ȁ Ȃ ≢ȁᵝ ≢ȁ

↓ ѿ֓ ᴋⱵ҉ ῃ ᴋⱵ ML/DL

̕ᵖ ȁ Ἕȁ Ἕ ᴋⱵ ̆

ׅ Ҍ ̆ ᵥ׆ ₮ Ȃ ԍ

ⱴ ĞeoAI Ӟ ҹ ꜛ Ạ₮ Ȃᵬҹ

ѿҩ ĞeoAI≠ Ⱶ ҹ Ҋ ᴋⱵ⇔ Ḥ

ץ ȁ ⱵȂῒҬ Ἕ№ ȁ ȁ №◓ȁᴏ ṿȁ

ȁ ȁ ȁ ү Ȃ 

2015ӊ ̆ҍ ӟ̂ ȁ ȁ ̃

Ҍ Ȃ ׂ̆ ӟ ҹ Ḥ Ҭ №

№̆ ԍ№ ȁ ̆ ӟ ֲ ⱳ ԍ Ḥ

ȂDL ҍ ̆ Ҍ ̆ Ҍ AI ԍ№ ȁ

ӈ№◓ ̆ Ἕ№ ȁ ȁ ӈ ᶛ№◓̆׆ ȁ ֲ

ἝҬ ꜚ Ḥ ̂Pierdicca and Paolanti, 2022Ȃ̃ 

ᵝ ῏ Ғ ̂ ȁ ȁ ȁ ȁ̃ ֲ̂ȁԊ

ᴆȁ ȁ̃ ̂ Ἕȁ ȁ ̃ ̆ ֲ ԍ

Һ ң Ȃ ֲ

Ҭ ᵝ ᵬ Ҭ ̆ ᵝ

῏ ῒז ῀ Ȃ ῀ѿҩ K

ṿ ԍ ӟ ̆ᵖ ≠ Delaunay҈

↕ ԍ Ȃҽᶛ ѿ̆ҩ ᵝ ֲ ̆

ֽ ԍֲ ̆ ҹ ᵝ Ҍ ԍ№ ѿ №̆ Ҍץ ѿ

ҩ Ȃ ̆ ֲ ѿ ↕̆

№ ̆ ץ ѿҩ Ȃ 

ֲ Ҍ ῖ ӟ

Ἕ№ ᴋⱵ ԍ ᴋⱵҬ ⱴᴨ Ȃ ̆

ӟ ‗ ̆ ױ ᵥ

ֲ ₮ Ȃ ⱳ GeoAI

‗ ̆ ᵥ ≢҉

⌠ ׂ GISᵬ Ҭ̂Janowicz et al., 2020Ȃ̃ 

῏ԍ Һ Ҭ ӟȁ ṿȁ

ȁ ӈ№ ̂ ̆2020Ȃ̃ 

̂1̃ ӟ 

ӟ ⱳ ‗ԍ Ȃ ̆ ӟ
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ӟ ֲ ꜚ GeoAI⇔ ҹ Ȃ ≠ױ

ӟ ₮ ӟ ‰ ̔Yan ₮

Place2Vec̆ ԍ ῐ ̂POĨȁ

҉Ҋ ӈ ӟ̆ ῏ԍ Ḥ ⱬ̆

₮ᵬҹ ӟ ῀ ≠ № ̕Liu ₮ Road2Vec̆ ԍ

₮ ̆ ӊ ֜ ԑᵬ ῏ ̆ ץ

֜ԑ ֜ ‰ ̕CrivellariBeinat

₮Mot2Vec̆ ≠ ֲ ꜚ ꜚ ̆

┴ ῏ ᵌ ̕Jean׃ ԅ ԍ Tile2Vec̆ ѿ

ӟ ̆ Ҭ № Ẋ ̂ ₮ ᵌ҉Ҋ Ҭ

ΐ ᵌ ӈ̃ ⌠ № Ҭ̆ ӟ ԅ ᴋⱵ

̂ ȁ Ҭ ≢̃ ̕Mai⇔ ₮

ᵝ Space2Vec̆ ӟ ᵝ ῏ ̆

ᵝ Ἕ№ ᴋⱵҬ ᴨԍ ӟ Ȃ 

̂2̃ ṿ 

ᵀ ѿҩ

ṿȂ ṿ↕ GISҬ № ⱳ ̆≠ ᵝ ṿ

ṿȂᴰ ṿ ̔ ⱴ ̂IDW̃ȁ҈ Ҍ ↕

̂TIÑȁ ᾥ ̂Kriging̃ Ȃ ӟ ӟ

ṿ ̆ ȁ ᴪ ȁ ֜ ȂZhu ԅѿ

ӟ ̆ ҹ ԍ ṿ ᴆ - ̂CEDGANs̃̆

ԍDEMҬ ṿ L̕i׆ ᵝ Ҭ ֲ ꜚ

ꜚ ₮ ̂TrjPre-FLSTM̃̕Bao ԍ

֜ ᵣ ԅѿҩ ԍ BiLSTM-CNN

ᵝ ̕Liang͂ ꜚ ԅ ῖ ҙ

ᵝ ⌠ ᵀ ̕Xing ₮ԅѿҩ

ꜚ ⌠ Neighbor-ResNet̆ ԍ Ἕ

ֲ ꜚ ᵀ ̕Pourebrahimԅ ԑᵬ ⱬ

₮ № ҉ Y̕ao ԅ ԑᵬ ҩ ῖ

֜ԑ ҉ Ȃ ⌠ֲ ₮ ꜚҺ ֜

̆ ԍ֜ ῏ Ӟ ү ̕Murphy≠ ̂CNÑ ₮

҉ GPS № ץ̆ Ḃ ᴆ ᶏ GPS

ᵬҹ ᶃᵀ Z̕hangԍ Ҭ

֜ Z̕hangCheng₮ ԍ ӟ

GLDNet̆ № ᵖ №

֜ Ԋ ȁ Ԋᴆ ̕ ԍ ̆Ren ₮ԅ≠

֜ ̕Zhao ₮ԅѿ T-

GCN ԍ֜ ᴋⱵ̆ ԅ GCN ӟ ץ ᶭ

̆ ≠ ᾝGRU ӟ֜ ꜚ ץ ᶭ Ȃ

₮ ̆ ᴪ ӞҌ Ȃ ֤ ↔

₮ԅ׆"ֲ - - -ꜚ " ҩ ӟ

№ Z̕hang≠ ӟ ֜ ᵣ ⌠

Ἕ̆ ₮ԅ׆ ȁ ȁֲ Ḥ ȁ ҩ ┴

№ Ҍ H̕elbichYao ҍ ꜚȁ
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ꜚ ̆ ԅ ױֲ

̕Cao≠ ̂ResNetȁ̃ ̂SPP-Net̃

̂LSTM-Net̃ ᴪ ӟ ԍ

ⱳ № ̆ ԅ ȁᾝ ⱴȁ ᾝ ҈ Ҍ ̕Ye

֜ ᵣ ⱳ ‰ ≢̕Law

OpenStreetMap ԅѿ ĺĺ ̂Street-Frontage-Net̃

ԍ ᵀȂ 

̂3̃  

ῃ̆ ῤ ̆ ԍ Ἕ ▲

̆ ԍ ꜚ ȁ ȁ ̆№ ≠

ל ᶫԅү Ȃ ̆ ȁ ȁ ȁ № Ӟ

№ ѿ Ȃ ≠ ӟ

ȂReichstein ҍ ꜚ ӟ ῏

̕Scott ԅ ӟ ᴨ ȁ ҍ

№ ̕Huang ₮ԅѿ

STDCNN̆ ׆ WorldView№ ἝҬ ԅ ≠ ̕Peng

ԅ ԍ ᵌ PSNet≠̆ ᾣ ṿ Ἕ ṿ

̆ ᵞ ᾣ Ҍѿ ṿ ̕Yuan ԅ ȁ Ḥ

ӟ Ȃ 

̆ ҉Ӟ ԅ ῏ ̆20238 ̆

῏ ȁ ᵥ ȁ≠ Ҍ ̆

IBM NASA ԅ PrithviȂ ԍ NASA Harmonized Landsat 

Sentinel-2 ̂HLS̃ Ἕ̆ ԅ Ἕ ̆ ԅ ȁ ῒז

№ ̆ ԅ Ȃ ViT ꜚ

̂Masked AutoEncoder̆MAẼ ӟ ̆ HLSἝȂ

ҩpatch ⱬץ ҩ patch ⱬ̆ Ҍ

ᵝ ῏ ̆ ѿ ̂Jakubik et al., 2023Ȃ̃ 

̂4̃  

ҍֲ ף ꜚ ⇔ Һ̆ Ҋ₃ҩץ Ȃ ѿ ≠̆

ץ ꜚ Ἕ҉ ≢ ȁ Ḥ Ȃ

ԋ̆≠ ӟ ץ ף ҉ ᵝ Ȃ

҈ ≠̆ ץ ӟ̆ ꜚ ̆

≠ Ḥ └ ῃ ᵝ Ȃ ֲ̆

ҍ ᴪ № └ ꜚ ᵬ ̆

ҍ ȁ ҍ Ȃ ̆ ̂brain computer 

interfaceB̆CĨ ῐ ᶏ̆ ҍ ֜ ҹԅ

≠̆ № ̆ Ḇ ԅ Ḥ ҍֲ

ҍ ̂ ̆2022̃Ȃ 

̂5̃ ӈ№  

ԍ ῖ Ḥ ȁ

ᵝ ꜚ ‗ ᵬ Ȃ ῖ

└ᵬ̆ ȁ└ᵬ ȁ ̆ ᵥ׆ ֜ ᵣ

Ҭ ꜚ Ḥ Ȃ ӈ№ Һ

≢ȁ ȁ ȂHu ԅ ԍ №
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̆ Һ ȁ ԍ ↕ ȁ ӟ Ȃ ӈ№

׆ Ҭ ױֲ ᵟ ̆ ꜚ ≢ҍ

GIS № ⱳ ᵬ ΐ Ȃ ̆

ӟ № ֜ ᵣ ץ ‰

ᵝ ̆ ꜛ ‗ ҍ ᵬȂ 

ᵬҹֲ ╠ ̆ ⌠ ̆ɒ №

ȁ № ȁ ȁ ̆ ץ ԍ ꜚΏᵬȁ ֲȁ ꜛ ȁ ꜛ ȁ

ꜚ ҩ ̆ ғ ȁ Ἕ ≢ȁ ҩ

Ȃ ╠̆ ᴋⱵ ̆Ỳ ₮ ȁ

̆ ҹ ꜚ ᴪ ⱬ Ȃ 

 שׂ 1.3

ῤ ῒז ԑḆ ̆

῀ ֟ Ȃ ᴧ ץ ⌠ԅ

̆ ץ̆ ̆ Ȃ ̆

ῒ ῏ ⱬׅ Ҍ ̆

ׅ ҳ ₃ҩ ̔ѿ ᵥ ῍֣

└̕ԋ ᵥ ̕҈ ᵥ ӈ№ ⱬȂ

ᶛ ̆ ᴪ Ẋ ѿ̆ ῏ԍױז

ӥ̆ ѿ ᵝԍ Ҭ ᵖ ̆ Ҍ

Ȃ ֓ ᵌ ≢ ᵝ ȁ⌠ῒז ȁ ῏

ȁ ̆ ╠ ׅ ץ ̂Janowicz et al., 2020Ȃ̃ 

ῃҕ ⱴ ȁῃ € ȁ֜ ₮ ̆ ᵥ

ҍ ̆ ҹ ױ ῏ Ȃ≠ ֜

̆ ֲ ȁ5Gȁ ̆ ΐ ⱬ № ⱬ

ȁΐ Ԉⱬ ̆ ᵟ ̆

ԍ ≠ ҹ̆ ҙ ̆ ҹԅ Ὲ̆ ץ ╠

ѿ Ȃ ̆ Ḥ ⅞ Ҭ Ҋ̆

῏ᴑҙⱴ ԅ ҉ ῀̆ ῃ ╠ ҉Ḡ ԅ

꞊ ל Ȃ 

ֲ Ҍ ⇔ ҍ ̆ ῀ῃ ᵝ ҙ

̆ ȁ֟ ҙ ȁ ȁֲ ֟ Ȃ ֜ Ҭ̆

ⱴ ԅ ֜ Ḥ ̆ ӗ ₮ ץ Ⱶ

ⱴ ̕ ̆ ╠ ѿ֓ ̆ ̆

̆⁞ ̆ ᾧԋ ̕ᴰ ̆ ꜛⱬ

╠ ȁᴰ ȁ ̕ ̆ ץ

ȁ ꜚ ̆ⱴ ̕ ⅞ ̆ ץ Ҍ

̆ ⅞ľѿ Ŀ̆ ҹ ᶫ‰ ‰ ̂ ̆

2022̃Ȃ 5G ף ⌠ ȁ5G ῃ 5̆G₡Ṣῒ ᵞ ̆ ԍ

ȁ ȁ № ῃ ԅ ̆5G ҍ 5G

̆ ̂ ֜ ̆ ̃ ԅῃ ̆

Ӟ ԅ Ȃ 

ȁҙ Ҍ ῍ ̆

ȁ ȁ ԍѿᵣ̆ ȁ ȁ ȁ ȁ
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ҙ׆ ̆̓̀

ȁ ̂ӏ ̆2020̃Ȃ 

1.4 ҹ  

ѿ ֲ ̆ ≠ ӟ̆

ȁ № ⇔ᵬ ῤ Ȃ ҹ Ḥ

ԅ ̆ᵖӞ ҳ ѿ֓ Ȃ

̆ ׆ ȁ ȁ 3ҩ ҳ Ȃ 

1.4.1 ЃScaling lawЄ 

ӟ ̆ ̆p ᵥ

֓ ҹԅѿҩ Ȃ ѿ ̆ ̂Scaling law̃

ѿҩ ΐ̆ ץ ꜛ ױ ̆ ױ

ҬẠ₮ ‗ Ȃ ̆ ⌠

῏ ̆ ᴪ ⱴ Ȃ ԅ̆

ץ ꜛ ױ ᴨ ץ̆ Ҍ Ȃ 

OpenAI2020 ₮ ̆ῒ ӈ ̔ ȁ

ԍ ⱴ̆ ᴪ Ȃ ғҹԅ ᶃ ̆

҈ҩ Ȃ Ҍ ῒזңҩ └ ̆ ҍ ҩ

῏ Ȃ ԍ Ҍ ῒזңҩ └ ̆ ҍ ҩ ῏ Ȃ

̆ ῏ ₮ ̆ ױ ץ ╠ Ȃΐᵣ ̆

Ҋῤץ ̔ 

̂1̃ ԍDecoder-only ̆ ὅ̂ Flops̃̆ ὔ̆ Ὀ̂ token

̃̆ ҈ ̔ὅå6ὔὈȂ 

̂2̃ Һ ҍ ὅ̆ ὔ Ὀ҈ ῏̆ ҍ

ΐᵣ ̂ / / ̃ ῏Ȃ ̆ / / ̆Ҍ

̆ №  ῤȂץ2%

̂3̃ ԍ ὅ̆ ὔ Ὀ̆ Ҍ ῒזңҩ └ ̆

ҍ ҩ ῏ Ȃ Ҋ ץ̆ ̆ὅȁὔȁὈ҈ҩ

ҍ ӊ ₮ ҈̆ҩ ҍ

῏ Ȃ 

 
1-1  

Fig. 1-1 The scaling law of the large model 

̂4̃ ҹԅ ̆ ὔ Ὀ ̆ᵖ №≢

ᶛ Ԉ Ȃ 

̂5̃ Ҍֽ ԍ ̆ ԍῒז ץ ᴋⱵȂ 

҉ ῤ ̆ ץ ⌠ Ὲ ̔ 
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ὒὼ ὒ
ὼ

ὼ
 

ῒҬ̆ὒ ⱴ ⁞ ̂Irreducible loss̃̆ ץ ҹ

̂ᶛ Ҭ ̃̕ ⱴ ⁞ ̂Reducible loss̃̆

ץ ҹ № ҍ № ӊ Ȃ Ὲ ̆ ὼ ̂ᶛ ὅ̃̆

ᵣ Ҋ ̆ ̕ɐ ὼ ԍ ̆ № ̆

0̆ ᵣ ԍὒȂ 

╠̆ OpenAIῈ Ὲ ԅ GPT-4

῏ Ȃ ѿ ӊ Ẋ̆ GPT-4 ҹ 1̆ ԍ10000

Ṑ ̆ GPT-4 ̕ ľBits for wordsĿ̆ Ӟ ֜

ѿҩ ᵝȂ ֜ ̆ ᶏ 2ҹץ ̆֜ ᵝ  ľbits per wordĿ̆

ҍḤ Ҭ ̂bit̃ Ȃ ץ ҩṿ ᵞ̆ Ȃ ĞPT-

4 ῏ Ȃ 

 

1-2 GPT-4 ҍ ῏  

Fig. 1-2 The power law between computation and performance of GPT-4 

ԅ ҩ ὒ ῏ ̆ ױ ץ Ὀȁὔ ὒ ῏ Ȃ

Ҋ ̆Kaplan̂2020̃ ₮̆ ҹὔ ̆ ױ Ḡ

Ὀ ԍ(5Ĭ103)ὔ0.74 Ḡ Ҍᴪ Ȃ 

ὒὔȟὈ
ὔ

ὔ

Ὀ

Ὀ
 

ὅҍὒ ῏ ̆ ⱴ10Ṑ ̆ ᴪ ѿ Ȃ

’Ҋ̆ ᵥ№ Ὀ ὔ̆ ᶏ ⌠

ᶃ ҉̆OpenAIҹ̆ ⱴ10Ṑ ̆ ⱴҹ 1.8Ṑ̆

ⱴҹ 5.5Ṑ̆ ⱴ ̕DeepMindҹ̆ ⱴ10Ṑ

̆ ⱴҹ 3.16Ṑ̆ Ӟ ⱴҹ 3.16ṐȂ 
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Kaplan ̆ ῏ ῏ ῒ ᴪ

₮ѿ֓ ̆ ֓ ꜛ ױ ׆̆

Ȃΐᵣ Ҋ҈ҩ ̔ 

̂1̃ Ҍ 5.5:1.8ɒⱴ ὔ Ὀ̆ Ӈѿ

ѿҩ ὔӌ Ὀӌ̆ ᶏ Ὀӌ<(5Ĭ103)ὔӌ0.74Ȃ ̆ ⌠ὔӌ Ὀӌ ̆ ⱴ

̆ ὒᴪ ᵞ̆ᵖ ῏ ̆ ᴪ₮ ̆ὒ Ҍᴪ ᵞ̆

ᴪ Ȃ ̆Kaplanҹ ὔ Ὀ ⌠ὔӌ Ὀӌӊ╠̆ ᴪ ̕ ὔӌ

Ὀӌ ṿ Ҍ Ȃ Ҭ ὔӌ Ὀӌ ѿ

̆ ҹ ԅ ̆ ῒז ̆ᶛ Ἕ ̆ ̆ ֓

Ӟ ᵌ ̆ᵖ Ҭ̆ ⱴ ץ

⌠Ȃ 

̂2̃ ὒ Ҋ ̆ѿ֓Ҋ ᴋⱵ ᴪ₮ ̆ ̆

‰ Ȃ ὔ Ὀ ѿ ⱴ̆ ὒ ѿ ᵞ

ᴪ ₮ ׅ Ȃ ⌠ ̆

ľ Ŀׅ ᴪ̆ ᶏ ὒ Ҋ Ȃ 

̂3̃ ѿҩ ҩ ᵣ֜ԑ Ҭ̆ ѿ ᵌԍ

↕̆ ῤ ֜ԑ ᵣ ⱴ̆ ҩ ľ ĿӞᴪҌ Ȃ 

1.4.2 ЃEffectivenessЄ 

ᴇῒ ᴇṿ ῏ Ȃ ̆ ױ ץ

ԅ ᴨל Ҍ ׆̆ Ȃɒ ̆ ҩ

ᴋⱵ҉ Ҍ ̆ Ӈ ץ ̆ ῒ Ȃ

Ҋץ׆ ᴇ̔ 

̂1̃ ᴋⱵ‰ ̔ ᾢᵣ ῒ ᴋⱵ ‰ ҉Ȃᶛ ̆

Ἕ№ ᴋⱵҬ̆ ‰ץ ≢ ἝҬ Ҍ ̆ᶛ ȁ ȁ

Ȃ 

̂2̃ № ̔ Ҍֽ ̆ Ҭ׆ ₮ ᴇṿ

Ḥ Ȃɒ №ץ ֲ ֜ ̆

 Ȃל

̂3̃ ⇔ ῤ ̔ ≠ ⇔ᵬ̆ ֓⇔ᵬῤ ₮

Ȃ 

̂4̃ ̔ ᵣ ῒ ҬȂ ץ ԍ

ȁ ⅞ȁ ȁ ҩ Ȃ 

̂5̃ ̔ Ȃ

ⱳ ̆ ῒ ԍ ᵬҬ̆ Ӈ  Ȃ 

ᴋⱵ ῀ ȁ ȁ ȁ Ḥ

ῤ ̆ ѿ ‗ ԅ ҉ ѿҩ Ȃ

̆ ⱴү ῃ Ḥ ׆̆ ῒ

Ḥ ȁ№ ̕ ҉ ̆ ץ ӟ⌠Ҍ

ӊ ῍ ׆̆ ῒ ⱬ ᶏ̆ ԍ Ἕ№

ȁ ⅞ȁ Ȃ׆ ѿ ̆ᵬҹ

ΐ ̆ᵣ Ҋץ ̔ 

̂1̃ Ḥ ̆ ⱬ̔

Ἕȁ ȁ ̆ Ḥ ׆̆ ⱴῃ

‰ Ḥ Ȃɒ ̆ ≠ № ᴋⱵ ̆ ץ
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≠ Ἕȁ ̆ ȁ

ӈḤ ׆̆ № ‰ Ȃ 

̂2̃ ῏ ̆ꜛⱬ № ̔ ׆

Ҭ ₮ ῏ ῏ ̆ɒ ≠ ҍ֜ ȁ ҍ Ṝ ҹ̆ № ᶫ

Ȃɒ ̆ №ץ ̆ ҍ֜ ӊ

῏ ̆ ҹ ⅞ ᶫ Ȃ 

̂3̃ ⇔ ῤ ̆ү ̔ Ҍֽ №

̆ ≠ ȁ ȁ ⇔ ῤ Ȃ ֓⇔ ῤ

₮ ΐ̆ ᴇṿ ᴇṿȂɒ ̆

ץ Ἕ ѿ ῏ԍ ̆

ѿ ῏ԍ Ȃ 

̂4̃ ⱬ̆ ̔

ⱬᶏῒ ӟ⌠Ҍ ӊ ῍ ׆̆ ῒ ⱬȂɒ

̆ѿҩ Ἕ ҉ ̆ ≠ץ ῒ

ⱬ̆ ԍ ̆ Ȃ 

̂5̃ ̆ ꜚ ̔

ⱬ ̆ᶛ ȁ № ȁ ꜛ ̆ҹ Ḥ

Ȃɒ ̆ ץ ԍ № ̆ ꜚ

≢ Ҭ Ḥ ̆ ҹ ᶫ ῏ ⱵȂ 

̂6̃ ᵣ ̆ ֜ԑ̔ ᶫ ⱴ

ᵣ ̆ᶛ ̆ҹ ᶫ ⱴҩ Ḥ ⱵȂᶛ ̆

ץ ҍ ֜ԑ̆ᶛ ҩ ֜ ’

Ḥ ̆ ץ ̆ ᶫ‰ ҩ Ḥ ⱵȂ 

ᵬҹ ῒ̆ ᵣ ῒ Ḥ ȁ

῏ ȁ ⇔ ῤ ȁ ⱬȁ ᵣ

̆ ₮ ⱬ ╠ Ȃ ̆

Ḥ ⱴ ᵬ ̆ꜛⱬ + Ȃ 

1.4.3  

֓ ῤ ȁ ȁ Ἕȁ ֲ Ȃ

Ҭ̆ ̆ ױ ץ ӟ ΐ ѿ

ӈ ῤ ΐ̆ ⇔ ⱬȂ ԅ ȁֲ

̆ ȁ№ Ȃ

ῒ ȁ ⇔ ̆ Ἕ̂ Ҍ

ȁҌ ᴆҊ Ἕ̆ № Ἕ ȁ̃ ̂

ȁ Ḥ Ғ ȁ̃ ̂ ̆

̆ᶛ ꜚ Ἕ ̆ ̃̆ ץ

ױֲ ׆̆ ᵞ ̆ ױֲꜛ

№ Ȃ 

ԍ ̆p ԅѿֲ֓פ

Ȃᶛ ̆OpenAIDALL-E 3 ץ Ἕ̆ ȁֲ ȁ ᵣ Ȃ

Google AIEarth Engineץ ̆ᶛ Ἕȁ ≠

ȁֲ Ȃ ᵣ ̆ ᴰ № ̆ ԍ

׆ץ Ҭ ӟ̆ ӟ ⌠ ҍ

ᵌᵖ ῃ ̆ ץ └ № ̆
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№ Ғ Ḥ ̆ΐ ꜚȁ⇔ Ȃ ̆

ҹ ԅ ̆

ȁ ץ̆ ῃ ᴶ Ȃ

̆ל ױ ₮ԅ₃ ̔ 

̂1̃ ∞≢ AI AI 

ԍ ̆ѿҩ №∞≢

AI AĬץ ľ Ŀ Ȃ 

∞≢ Һ ῀ ῏ ₮ӊ ῏ Ӟ̆ ӟ ᴆ №

ὴ(ώ|ὼ)̆ῒҬY ₮ ≢̆X ῀ Ȃ ῏ ᵥ ῀

№ ̆ ԅ‗ Ȃ∞≢ ῏ ᵥ ῀ ’Ҋ

₮̆ Ғ ԍ ≢ ‗ Ȃ∞≢ ᴋⱵ҉ ₮ ̆ ҹ

Ғױ ԍ ≢ ̆ᶏ № Ȃ ∞≢ ȁ ȁ‗

ȁ Ҭ № Ȃp ∞≢ AI ὴ(ώ|ὼ) Ҍ ץ ӈḤ Ӟ̆

Ạ₮ ‗ Ȃ 

AI ץ Ҋ Ȃң ףץ ңҩ№ ̆ ѿҩԋ№

̆ ᴆ№ ὴ(ώ|ὼ) ̆ᴪ ₮ң № ̆ ץ ҹᶭ

№ Ȃ ԍ ᾞ̆ ᴪ№ ᾞ ̆ ғ № ̆

ץ ᴪ ₮ ᾞ ԍ Ȃ Ҍ Ȃ ᾞᵝԍ ̆

ᵖ Ӟ Ȃ ץ № ⌠ Ȃ ױ ҉

Ҭ ῀ὴ(ὼ) ⌠̆ ὴ(ώ|ὼ) ̆ᵖ ὴ(ὼ) ᵞ̆ ץ № ὴ(ὼ,ώ) № Ҍᴪ

̆ ₮ѿҩҌ ̆ ̆ᵖ Ḥ Ҍ Ȃ Ҍᾣ

‗₮Ạץ ̆ Ӟ ԅ ԍẠ₮‗ Ḥ Ȃ 

 
1-3 AI  

Fig. 1-3 The basic thought of generative AI 

҉ ̆ὴ(ὼ) Ҭӊ Ȃ ѿҩ ᴋⱵ ‗ὴ(ὼ)

Ȃ ̆ ױ Ạ₮ҍץ ֜ԑ ̆

ԍѿ֓ ̆ ץ ֲҹ׃῀ ̆ ⇔ ѿҩ

≢Ȃ ̆ Ӟױ ≠ץ ᵀ Ҍ ̆ ӊ

ӟ ᶫ Ȃ 

̂2̃ ̂Chat̃ ף ̂Agent̃ 

ף ׂ ңҩ Ȃ׆ ҉

̆ ΐ ԑꜚ ȁ ҩ ̆ҍ ֲ ᵌ̆ᶭ

ԍ ⱬ ҍ ֜ԑ ⱬ̆ Ҍ ᴨ ץ

ף̕ ↕ΐ ᴋⱵȁ ‗ ⱬȁ ֜ԑ
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̆ᶷ ԍ ΐᵣ ᴋⱵ̆ΐ ѿ ‗ ⱬ̆ ῀ ₮̆

ȁ ȁ Ἕ Ἕȁᴰ ȁ ȁ ̆

҉Ạ₮ Ȃ 

̆ ̂ ̃ ⌠ ғ

ᶛ ֟ ̆ ChatGPTȁGeminiȁClaudeȁ ѿ ̆Ӟ

῀ ῒז Ḥ ̆ SORAȁ

DALL-E 3 Ȃ ̆ ֽ̆ΐ ₮ Ḥ ̆

ץ ֜ԑ Ҍ ̆ ⱳ ӊ҉̆ ₮ ᴋⱵ ף

Ȃ 

ף ѿ ֲ ̆ ᶏ

̂LLM̃ᵬҹῒ ̆ᶏῒ ȁ ᴋⱵȁ ѿ Һ

Ȃ ӊ̆Agentѿҩΐ ⱬȁ ᴋⱵ Ȃף

Һ 4ҩ῏ ᴆ ŵ̔ ⅞̂ Planning̃̔ № ᴋⱵ №ҹ

ᶏ̆ ץ ᴋⱵ̕ ꜚᵬ ץ ׆̆ Ҭ

ӟ ׆̆ ȂŶ ̂Memorỹ̔ ҉Ҋ ӟ

≠ Ữ Ȃŷ ΐᶏ ̂Tool usẽ̔

ҡ Ḥ ̆agentӟ API Ḥ ̆ ╠Ḥ ȁף ⱬȁҒ

Ḥ ȂŸ ꜚ̂ Actioñ̔ ꜚ ᵣ ‗ №Ȃ Ҍ

ᴋⱵ̆ ᵣ ѿҩ ꜚ ̆ ‗ ץ ꜚ̆

ҹ ȁ ȁ ӟȁ Ȃ 

 

ף 1-4 4 ᴆ 

Fig. 1-4 The 4 components of agent generative AI 

ԍ AgentҌֽ ץ ҩֲ ⱬ Ғ ꜛ ̆ ֲ

̆ ҹ ֲ Ȃ ׂ ֲ׆̆ ԅ҈

̔ 

ŵ ῀̂embedding̃ Ȃ ҍ ֜ ̆ᶏ

̆ ꜛ ֓ ̆ ῀ ⇔ᵬ

ȁ ӏᵬ ȁ3Dῤ Ȃ Ҋ̆ ᵬ ԍ פ ΐ̆

ֲ ᴋ‗ Ȃ 

Ŷ◐ ̂Copilot̃ Ȃ Ҋֲ̆ Ἕ ᵬᴩᵄ̆῍

ҍ⌠ ᵬ Ҭ̆ ᵬ Ȃ ⌠῀׃ ᵬ Ҭ ׆̆ ᶫ ⌠ ꜛ

ҩ Ȃᶛ ̆ ᴆ Ҭ̆ ҹץ Ώף ȁ ᴨ

ᶫ ꜛȂֲ ҩ Ҭ῍ ᵬ ԑ̆ ⱬȂ
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Ἕ ѿҩ ү ᵬᴩᵄ̆ ΐȂᶛ Copilot̆ ׂ

₮Dynamics 365 CopilotȁMicrosoft 365 CopilotPower Platform Copilot֟

̆ ₮ľCopilotѿ ῃ ᵬ Ŀ Ȃ 

ŷ ᵣ̂Agent̃ Ȃֲ ᶫ ̂ᶛ ⱬ̃̆

№ ᵬ̆ ֲ ץ ᵀ Ȃ Ҋ̆

ᾟ№ᵣ ԅ ᵣ ԑꜚ ȁ Һ ̆ ԍ ꜚ ̆ ֲ ↕

ᵀ Ȃ 

 
1-5 ֲ ҍ ̂AĨ ҈  

Fig. 1-5 Three modes of collaboration between humans and generative AI 

׆ ᴨ ף ҉ ̆ Ӟ ҳѿ֓ ̔ 

ŵ҉Ҋ ̔҉Ҋ ̆ └ԅ Ḥ ȁ ȁAPI ҉Ҋ

Ȃ Ḥ ̆ ׆ Ҭ ӟ

└ ׆ ҉Ҋ Ҭ Ȃ Ữ ץ ᶫ

̆ᵖ ױ ⱬҌ ᾟ№῏ Ӈ Ȃ 

Ŷ ⅞ ᴋⱵ№ ̔ ⅞ ‗ ׅ ΐ Ȃ

⌠ ⅞̆ ᶏ ׆ҍױ Ҭ ӟ ֲ Ҍ ẫȂ 

ŷ ̔ ╠ Agentɰ ᵬҹ ҍ ᴆ̂ ᶛ

ῤ ΐ̃ӊ Ȃ ̆ ₮ ṿ ̆ ҹ ᴪ₮

̆ ғẼ ᴪ ₮ ҹ̂ᶛ Ȃ̃ ̆ №Agentף

Ғ ԍ ₮Ȃ 

̂3̃  

̆ Ἕȁ ȁ

Ȃ ֓ ᵣ ȁ ̆ Ữ ̆ᶛ ѿ

ҩ № Ἕ̆ῒ ץ ⌠ GBȂ ̆ Ӟ

̆Һ Ҋץ ̔ ȁ Ẓ ȁ Ẓ ȁ

ȁ ҍ Ȃ 

ŵ ̔ Ҭ̆ ԍ₃Ӎ ᴋⱵ

≢ Ȃ  ľ ̆ Ŀ̆ ChatGPTֽ

̆ ғ ̆ ҩ ѿҩ ȂҊ

ԅ Stable Diffusion4 Ἕ̆ ֓ Ἕ ҍ Ἕ ᵌ̆

ᵖ ₮ ױ Ẋ Ἕ̆ ҹ ֓ ἝҬ Ҍ ҕ ҉ᴋ
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ᵥ ȂԊ ҉̆ Ἕ ѿ ᴋⱵ ῒ̆Ҭ₃ᵥ ԍҊ

ᴋⱵ Ȃ 

 

1-6 Stable DiffusionҌ‰  

Fig. 1-6 Inaccurate results generated by Stable Diffusion 

Ŷ Ẓ ̔ Ҭ ᴪҌ Ẓ ғ₃Ӎ

╠ ҉ Ẓ ԍ ү ̆ GPT-4 ԍ ֓ Ҭ

Ẓ Ҍ‰ Ȃҍ ⱴ ᵥ ̆ ῇ ᵥ

Ҭ ѿҩҌ ̕̕ ̆ҍ ̆

Ӟ ѿҩҌ ̆ ҹָӇChatGPTGPT-4

ԅ ֓ Ȃҍ ᴋⱵ ̆ ⌠ Ẓ ̆ ҹ

̆ ף Һ ῒ̕ ӟ

ᶏ Ẓ ⱴ ̕ Ẓ Ҋ

׆̆ Ȃ ̆ Ҭ ℗ Ẓ Ȃ 

ŷ Ẓ ҍ̔ Ẓ ᵌ̆ ӞΌᵩ ⌠ Ẓ ̆ ҹ ╠

ᵣ Ȃ Ẓ Ӟᴪ Ҍ‰ №̆≢ ChatGPT

GPT-4ңҩ 18781923 ᵝ ̆ GPT-4 ң

ҩ ̆ ҹ Ҥ ᶭ ԍẒ ԍ ╠ Ȃ Ẓ Ẓ ╠

‗ ῏ Ȃ 

Ÿ ̔ Ḥ Ҍץץ ̆ /

ץ ᴋⱵҬΐ ῃҌ ̂ ҍ Ȃ̃ᶛ ̆ ֜

ҹ ̆ ῒ ҹ ҩ Ȃ ԍ ҹ

Ҋ ᴋⱵ ̆ ױ Ҍ Ḥ ̆ ₮
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ץ ԍ Ҋ ᴋⱵ̆ ῏ №Ȃ 

Ź ҍ ̔ ѿҩ ᵥ ҉

̂ ľ └ Ŀ̃̆ ׅ ᾛ Ȃ ΐ Ҍ

̆ ӟѿ ̆ל

ׅ ᵟ ᵝ Ȃ ׅ Ҋץ ̔ ᴪ Ҋ ᴋ

ⱵҬ ῀Ҍ ᾧ ῤ Ẓ ̙ Ḥ ᴪ ῃ

ԍ ̙ 

̂4̃ ῃҍᴶ  

ԍ

Ғ Ḥ Ҍ̆ ᾧ ֟ ῤ Ẓ Ȃ ̆ ᴪ ԍ

Ẋ Ḥ ̆ ᴪ ᴪ ̆ ѿ֓ᴶ ̆ Ẓ ȁ

ȁ Ȃ 

ŵ ῃ ̔ ץ ԍ ẊḤ ̆ɒ Ẋ ȁ ֜

ᵣ ȁ ȁ ̕ ץ ԍ ף ȁ ₯ ΐ ץ̆ ꜚ ₯Ȃ ֓

₯ ᴪ ȁ Ҥ ̕ ץ ԍ└ᵬ ᴺ ̆ ֲ

Ἕ ⌠ ѿҩֲ ҉Ȃ 

Ŷᴶ ̔ ᴪ ӟ⌠ Ҭ Ẓ ̆ ῒ

Ҭ̕ ᴪ ԍ└ ῤ ᷅ ҩֲ ῤ Ȃ 

ΐᵣ ̆ ᴶ Һ ᵣ Ὲ ȁ ȁ └ Ȃ

Ὲ Ὲ ̆ ᾧ֟ Ẓ ̕ ̆ ױֲ ῒ

ᵬ Ȃ ⌠Ҥ ̆ Ḡῒ ԍ Ȃ ̆

└ ῏ ̆ Ȃɒ ̆ ץ

ȁ Ὲ ̕ ץ ᴶ

Ȃ ֲ ԍ Ȃɒ ̆ ץ

ẊḤ ῤ ̕ ץ ᴺ ₯ Ȃ ̆

Ὲᴧ ῃ ᴶ ̆ ױֲꜛ ≢ └ ẊḤ ῤ

Ȃᶛ ̆ ץ ȁ ᴰ Ὲᴧ ׃ Ῑ̕ ץ ꞉Ὲᴧ ҽ ẊḤ

ῤ Ȃ 

ԋȁ Ғ  

ԋ ľ ᴪĿ ֤ ⱳҽⱲ̆ ACM SIGSPATIAL

Ҭ №ᴪҺⱲȂᴪ ñץ ҍ òҹҺ ̆ ԍ ꜛ

ⱬ ҍ Ȃ Ҭ ԅGISҍCS ῍ ᵣ

̆ ԅ Ҭ ᵬ Ȃᴪ ԅ Ғ ҩ

Ғ ̆ panelȁposter ҹ̆ҍᴪ ᶫԅᾟ№ ֜ ȂҒ ױ

ȁ ȁ ȁ ֜ ԅ ῀ ̆№֣ԅ

╠ Ȃ ↕ ↔ Һ ̆ ᵝ ῍ ԅ

ΐ ץ ῒ ‗ ̆ ῍ ῏ ᵬ Ȃ 

ȁ ȁ ȁ֜ Ὶΐ ץ ꜚȁֲ

ҹ ≠̆ ֲ Ҭ׆ Ḥ ̆

ᵣ Ȃ ֓ ⅞ȁ ȁ סּ ȁ֜

ᵬ ҹ̆ ‗ ᶫԅ ȂҌ ȁ ץ
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҉ ≢Ȃ ⅞ȁֲ ȁ֜ ̆῏

̆ ԍ ⅞ȁ֜ ȁ ̕ Ἕ ̆

Ғ ԍ ̆ ԍ ȁ סּ ȁ ̕ ≠ Ḥ

̆ ԍ № ̆ ץ ԍ ≠ ȁ ȁ Ḡ ̕ ֜

֜ ̆ ֜ ꜚ ̆ ԍ֜ ⅞ȁ֜ └ȁ֜

ῃ Ȃ 

2.1  

ҹ ꜚ ᴪ ⱬ ̆ῒ AI ҩ ΐ

ҙ ╠ ̆ ᴑҙ ȁᴨ ‗ ȁ ꜚ ꜛ ῤ ⇔ᵬ ̆ ᴪ

Ӟ ꜚ Ὲ ȁ ⅞ ̕ ԍ ῒ ̆ ׆

Ҭ ȁ ȁ Ṝ №

̆ ̆ⱴ  ̂Thirunavukarasu et al., 2023̃̕ ᵖ ױ

ᴪ ̆ Ὲ ȁ Ḡ ȁ Ὲᴧ ̆ Ḡ ֓ ΐ

ֲ ̆ ᴶ ᴇṿ̆ ֲ ֲ ̆ ꜚ ᴪ

Ȃ 

2.1.1 ҟ ᴰ Ⱶ 

AI ҩ ╠ ̆ ȁ ȁ

≢ Ȃ ױ ꜛⱬᴑҙ ̆ᴨ ‗ ̕ ꜚ ꜛ ȁῤ ⇔ᵬȁ Ⱶ

Ȃ ᴪ ̆↕ ꜚ Ὲ ̆ҹ ֲ ᶫ ⱵȂ

ԍ Ṝ ȁ ⅞ ̆Ḇ Ȃ 

№ ₮ ֲ ⱬ̆ ᴪ

ᴪᴇṿ ҙᴇṿȂ AI ñ ò ̂KwaiYĩ ԅ

ȁ Ȃ MMLUȁC-EvalȁCMMLUȁHumanEval№ Ҭ/

‰ ̂Benchmark̃҉̆ñ ò ԅ Ҋ ᾢ Ȃ ̆

ñ ò ΐ ₮ ⱬ̆ ῤ ⇔ᵬȁḤ ȁ ȁ

ף Ώȁ ᴋⱵֲ̆ ᵀ ñ ò ⌠ԅ ҙ ᾢ Ȃ

̆ ԅᴨ ⱬ ľ̆ Ŀ Ӟΐ ҙⱵᴇṿ̆

ҙⱵ Ҭ Ȃ 

 
2-1 KwaiYi  

Fig. 2-1 Research process of KwaiYi large model 

ᵬҹѿ AIץ ꜚ Ὲ ̆ ᴇṿ ԍ̆ל
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2023∆ ꜚԅ Ғ ̆ Һ ȁ ᾢҙ

Ȃ ΐ ₃ ᴨל ѿ̔ ⇔ ꜚ̆

̕ԋ ̆ ȁ ȁ ̆ҹ ᶫ

̕҈ ᾢ AI ⱬ ̆ҹ Ȃ ҉̆

ȁ ֟ȁAI ꜛ ̆

ȁ ȁ Ҍ Ȃ ̆Ὲ ַ

Ȃ ‰ ̆ ԅ׆PB+ Ҭ

ַ҆tokensҬ ̆ ȁ ȁӥ ȁ ȁ ȁ ȁ

ȁ ҩ Ȃҹ Ḡ ̆ ԅ ȁ ȁ ᵀȁ

̂ ῤ ȁ ȁ̃ ҍ ѿ ↓ Ȃ Ҭ̆

↕≠ ԅ Spikeꜚ ᾢ ץ̆ Ȃῒ ꜚ

⇔ ֟ҙ ̆ҹᴑҙ ᴪ⇔ ᴇṿȂ 

2.1.2  

ԍ ╠ ץ̆ ҹᶛ̆ ׆ Ҭ

̆ ̆ Ṝ № Ȃ Ҍֽ

̆ ᵞ ̆ ꜛⱬ ‗ Ȃ Ӟ ԍῒז

̆ ȁ ̆ⱴ Ȃ 

̂Foundation Model̃ ҩ ₮ ⱬ̆ ῒ

῏ ȂῒҬ̆ ҹ Ȃ

Ҭ ԅѿ ↓

ױז̆ ᵬ ԍ ѿ῏ Ȃ ₮ԅ

̂BioGPT̃̆ ѿ Ғ ̆ Ҭ

῏ ᵬ ȂBioGPT ₮ ̆ Insilico 

MedicineῈ Ḃᶏ ̆ ԅ 9ҩ

̆ ԅῃ Ȃ 

 
2-2 Ҋ ᴋⱵ BioGPT 

Fig. 2-2 BioGPT framework for downstream tasks 

Ҭ ̆ ѿҩ ѿ ץ̆ ⱴ

Ȃ ץ ᾢ ҹ ̆ ѿ

Ȃ ѿ ΐ ῀ ₮ ⱬ̆ ȁѿ

↓ ̂ № ȁ̃ԋ Ἕ̂ ̃ ҈ ̂ № ꜚⱬ
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̃ Ҍ ῀Ȃ ̆ ׆ № ⌠ № ȁ׆ ⌠

Ҍ № ̆ ȁDNAȁRNA ῤ № Ȃ

ҹ ̆ └ ȁ ΐץ

̆ ᾢ ҍ ̆ᶏӊ ҹ Ȃ

ԍ ѿ ̆ ₮ ̆ ⇔

‗̆ҹ ֟ҙ ᶫ ⱬֲ ꜛ ΐ̆ⱴ ҩ Ȃ

API ̆ҹ ȁ ȁ ȁ ᶫ Ⱶ̆

ҹ ⱬ Ȃ 

, ╠ № Ȃ Ҍֽ ׆

Ҭ ῏ , ȁ№ ҍ ֪ ⱬ, ץ ῃ

Ṝ № ׆, ⱳ , ⱴ ҕȂ 

2.1.3 O ғᴍẅ  

ֲ ᴪ ԅ╠ Ȃῒ ץ ֲ

֟ⱬ ̆p ӎ ᴇṿ ᴶ ᴪ̆ ѿ ↓

Ȃ ̆ ᴪ ̆ Ḡ ֓ ֲ ΐ ֲ

̆ ᴶ ᴇṿ Ȃᶛ ̆ Ὲ Ȃ ᾧ Ẓ

ҌῈ Ȃⱴ Ḡ ̆ ҩֲ Ȃ ̆ ֲ

Ӟ ӊ ̆ᶏῈᴧ ̆Ḇ Ḥᴋ̂Jobin, et al. 2019Ȃ̃ҹ

ԅ ‗҉ ̆֗ ѿҩ ᵣ ̆ ℗῏ ֲ ҍ ᴪ ֜ ̆

Ḡֲ ҍ ױ ᴇṿ Ḡ ѿ Ȃ ᴪ ꜛ

ױ ⱬ ֲ ᾝ Ȃ ԍֲ

̆ ῃ ᵀῒ ⱬ ̆ AIҍֲ ᴇṿ Ȃ 

ҹ̆ ᵀֲ ᶫԅ Ҥ ̆

Ҍֽ ꜛ ױ ֲ Ӟ̆ ⱴ ֲ Ȃ ᾢ

≢̆ ≢ ֲ Ҭ ⱬ ̆

ȁ ≢ȁ ȁ⇔ ⱬ ҩ ̆ № ⱴץ

Ȃῒ ̆ ҹ ҩ ⱬ ̆ ̆└

№ ‰̆ ֓ Ҍ ≢ ̆ ΐ № ̆

└ ̆ Ḡ Ḥ Ȃ ҈ҩ ̆ ҩ

ҹ ̆ ̆ ’ Ḥ

̆ ԍֲ ̆ Ṣꜛ ̕ ԍֲ ̆↕

҉ Ҋ ᵀ̆ ῏ ̆ ꜛԍҌ ᴨ ᵀᵣ Ȃ

ᵀ Ҍֽ̆ ץ ֲ ῃ ⱬ ᵀ̆

ꜚֲ ҍ ȁ ᴪ ̆ ֲ ῍ ҍ

̆ ᶏ ױ ԍֲ ⱬ ῀ Ӟ̆ᶏֲ

ֲ ̆ ֲ ᶏ̆ӊҌῬ

ⱬ ̆ ᵣ ₮ҍֲ Ȃ 

ֲ ῃ ῤ ῒ̆ ȁ ȁ ҩ ֟

€ Ȃ ҍֲ ᴶ ѿ ᴇṿ ᶏֲ̆ ‗ ֲ

∞ Ȃ ̆ ױ ꜚѿҩ ⱴ ᴋȁ ȁҍֲ

≠ ֲ ẫ ӊ Ȃֲ ֲ ̆

ѿ ῏ Ȃץ ⇔ ̆ Ҥ Ⱶ ᴪ

̆ꜜⱬ ֲ ҍֲ ῍ Ȃ 
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2.2  

̆ ⱬȁҕ ץ

ⱬ ԅ╠ Ȃ ₮ ̆p

ׅ̆ Ȃ ľ Ŀ

ԍ ᾢ ֲ ̆ Ⱶ Ȃ ≠

֜ ȁ ȁ ȁ ҩ ̆ ̆

№ ҹ̆ ‗ ᶫ ⱬ Ȃ ΐ

ȁ ȁ ⱬ ȁ ȁ ⌠ ӟȁΐ ӟ ⱬȁ

Ȃ ̆ ῀ Ḥ ȁ

ȁⱳ № ῏ ׆̆ ꜚ ל ⱴῃ ῀

̆ҹ ⅞ȁ ȁ ᶫ ⱬ Ȃ

῏ ̆ ȁ№ ȁ

Ȃל ᵥᴨ └ ̆ᶏῒ ⅞ȁ ȁ֜

῏ ῀ ̆  Ȃל

2.2.1 ғ ᵩ  

ף ҳ , ⅞ ȁῈ῍ ῃ Ὲ῍

Ȃҹ ֓ , Ṣꜛᾢ ֲ ,

Ȃ 

̂1̃ Ḥ  

ԍ ̆ Ḥ ᴋⱵ̆ Ҭ Ḥ

Ȃ Ḥ ̆ GPSȁRFIDȁ ȁLBSȁ ̆ ֓

֟ Ḥפ ȁ ⌠ Ȃ ֲ ȁ

ӟ ╠ ̆ ֓ № ̆ ꜛԍҹ

ȁ ץ Ⱶ Ⱶ ᶫ ⱬ ̂Ismagilova, et al., 2019Ȃ̃

῏ ֲ ȁ ӟ ╠ ̆ ֓ ԅ

Ȃ 

̂2̃ №  

῀ Ҍ ̆ ҹң№ץ ̔ѿ ľ ῀ ₮ Ŀ

̂Large Language Models̃̆ ԋ ñ ῀ ₮ ò Ἕ-

̂Visual-Language Large ModelsȂ̃ ╠̆ ≢ Ἕ̆ᵖ ԍ

≢ ⱬ ҹ ̆ ‰ Ḥ ̂Birhane et al., 2023Ȃ̃ҹԅᶏ

ῃ ≢ ȁ ̆ ѿ ̆

Ҍ ѿ ҹ ̆ ῀⌠ Ҭ Ȃ ѿ ̆

ץ ₮ ȁ ̆ᶛ POIȁ ȁ ȁ ↓

₮ Ȃ 

̂3̃ ӟ  

№̆ ԍ ⅞ȁ֜ ΐ ӈȂ

ҹԅᾟ№ ῏Ḥ ̆ ӟ ̆ ҹ Ҭ

ץ̆ ⱳ Ȃ ѿ ̆№ HRNR

̂Hierarchical Road Network Representatioñ ᶫԅѿ ‗ Ȃ

ҹѿҩ҈ ̆ ⱳ ̂ ҙ ȁᵟ ȁ̃ ̂

̃ Ȃ ῀ңҩ № №̆≢ ⌠ ץ ⌠ⱳ

№ ̆ ῏ץ Ҍ ̆ᵣ Ȃ ̆HRNR ԍ
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ԍ ׆̆ ԅ

ⱳ Ȃ ῤ ̆ № └ ҩ ҉ ӟ ῀ ̆

Ȃ ҹ Ҍֽ̆

Ḡ ԅ Ḥ ̆ ԅⱳ ₮ ӈḤ ҹ̆ ֜ №

ȁ ⅞‗ ᶫԅ ⱬ Ȃ 

 
2-3 HRNR ᵣ  

Fig. 2-3 Overall structure of the HRNR model 

̂4̃ ҩᵣ ӟ  

ԅ ӟ ̆ ҩᵣ₮ Ȃ ҩᵣ₮

ҹ Ҭ ̆ ᾟ№ᵣץ ҩᵣ₮ ῏Ḥ ҹ̆ҩ ₮ Ⱶȁ֜
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2-4 START ᵣ  

Fig. 2-4 Overall structure of START 
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2-5 ֲ ꜚ ᶛ ₮ ᵣ ꜚ  

Fig. 2-5 The paradigm of human motion model and the proposed collective flow model 
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2-6 ֜ ᴏ  

Fig. 2-6 Social network simulation system 
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2-7  

Fig. 2-7 The flowchart of remote sensing large model 
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2-8 №◓  

Fig. 2-8 Segmentation fundamental model 
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2-9  

Fig. 2-9 Summary of existing large models 
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2-10  

Fig. 2-10 Remote sensing multi-model knowledge 
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Ӟ ᶫԅ GISȁֲ GISȁ ѿ҈ף GISȁ№ GIS GIS

ᵣ ץ̆ GISѿᵣ ̂ ῏ , 2021Ȃ̃ GISֲ

̆ ץ ȁ ғ ‰ № Ȃ 

 

2-11 SuperMap GISԓ ᵣ ̂BitDC̃ 

Fig. 2-11 5 Technology systems of SuperMap GIS (BitDC) 

̂2̃ ҍ  

SuperMap ֲ GIS ᾢ ȁ ΐȁү AI

ⱳ ץ ү ̆ ֓ ץ Ȃ Segformerȁ

EffcientNetȁCascade R-CNNȁSiam-SegformerȁSFNetȁRTMDetᾢ ᴨץ̆

Ȃ ȁ ȁ ȁ ȁ

ȁ ᵀ ΐ ᶏ̆ ҩ ⱴ Ȃ ү

AIⱳ ̆ ԋᾝ№ ȁ ȁ № ȁ ȁ № ȁ ̆ Ҍ

Ȃ ̆SuperMapʟԅү ̆ ᵣ ȁ

ῤ ȁ ȁ ῤ ȁ ῤ

Ȃ ֓ 10ַ ̆ΐ ‰ ⱬȂSuperMap AI

̆ῒῤ 10ַ SAM Ἕ№◓ ̆ ᶫ ֜ԑ

Ἕ№◓ ⱬ ̂ ῏ , 2019Ȃ̃SAM Ἕ№◓ ̆ῒῤ ֜

ԑ Ἕ№◓ᴋⱵȂ Ἕ ̆ ץ ₮ ӈḤ

̆ ἝҬ Ȃ ΐ ̆ ӈ Ȃ ῀ҹ

Ἕ̂ ԍ №◓̃ Ḥ ̂ ԍ֜ԑ №◓̃̆ ₮ҹ №◓ Ȃ

ӊ ̆SuperMapAI Ӟ ԅү ῒ̆Ҭ ҈ GIS
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̆ ԅ׆ ⌠ Ȃ ̆SuperMapԅ Retrieval 

Augmented Generation̂RAG̃ ̆ ̂ ̃̆

ԅ ᴰ Ғҙ ⱬȂ ֓ ҹ ҍ GISѿᵣ ᴆ

ᶫԅ ̆ ꜚ ҍֲ Ȃ 

2.3.3 ᾩ ‼ғ ӥ  

ᾣ ‰ҍ ӟ ҹԅᾥ ╠ ᾣ ҳ

₮ ѿ ‗ Ȃ ᾣ ү ᾣ Ḥ ̆ ץ ᶫ ‰

№ ≢ Ȃ ᾣ Ἕ Ἕ ᾣ

ᾣ Ḥ ̆ Ἕ ӊѿȂ ̆ ╠ ᾣ ᵬ ԍ

ⱬҌ ̆ ҉ ‰ №

Ȃҹԅ ‗ ѿ ̆ ץ ѿҩ ᾣ ‰Ȃ ‰

ᾣ Ἕ ῒ̆Ҭ ү ≢ ᾣ Ḥ Ȃ ᶏ ҩ

‰̆ ץ ᶫ №ᾟץ̆ ᾣ ̆

ⱬ ⱬȂҹԅ ≠ ᾣ ӟ̆ ץ ӟ

῀⌠ ᾣ ҬȂ ӟ ѿ ӟ ̆ ᶏ

̆ ᶭ ֲ Ȃ ᾣ

ӟ ̆ ץ ῤ Ḥ ӟ̆ ᾣ

ⱬ ⱬȂ ᾣ ‰ҍ ӟ ҹץ ᾣ ҍ

ᶫ ⱬ Ȃ ҉ ץ̆ ≠ ӟ ̆

ץ ѿ ᾣ ⱬ ҹ̆ ᾣ ᶫ

‰ ̂Huang et al., 2022Ȃ̃ 

 
2-12 Transformer 

Fig. 2-12 Transformer model 

ֲ ᴪҬ ԅ ̆ ҹ ‗ ᶫԅ

‰ ȁῃ Ḥ Ȃ ֓ Ἕ Ҭ Ҍֽҹ

ᶫԅ № ⱬ̆ ҹ ȁ῾ҙ ȁ ⅞ȁ Ḡ

‗ └ ᶫԅ ‗ Ȃ ̆ ױ

Ҭ ԑ῏ ̆ᴨ ≠ ̆⁞ ̆ ̆Ḡ

Ȃ ̆ ꜛ ≢ ‗ῃ ̆ Ṝ ȁ

ֲ Ȃp Ӟ ҳ Ȃ
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Ḥ ץ̆ Ȃ

ᶏ Ἕ ׅ ҳ Ἕ ȁγ № ‰ №

Ȃҹԅ ѿ ꜚ ̆ Ҍ ̆

̆ⱴ ᴋⱵ ̆

Ȃ Ҍ ꜚ ⇔ ̆ ῒ ֲ ᴪҬ Ȃ 

2.4  

2.4.1  

ľ Ŀ ѿ ≠ Ḥ ֲ Ȃ≠ ֲ

ӟ ᴨ̆ל ׆̆ ҹ

Ḥ ᴋⱵ ᶫ ⱴ ῃ ‗ ̂Janowicz et al., 2020Ȃ̃ 

2-13̆ Һ № ̔ 

̂1̃ ̂Geographic Data Generatioñ 

̆ POÎῐ ȁ̃ ȁ Ἕ

῏ ȂPOIף ῐ ᵝ ̆ᶛ ȁ ȁ Ҭ

̆ ꜚȂ ̆ Ἕ Ἕȁ ȁ

ҹ̆ ᶫԅ ҉Ҋ Ḥ Ȃ Ҭ̆ ֓

№ᵬҹ № ̆ ץ ȁ ל ῏ ҹ̆

ᶫ Ḥ Ȃ 

̂2̃ ̂Geographic Knowledgẽ 

Һ Ȃ ԅ

῏ ̆ ῏ ȁ ȁ Ȃ

ӟ ӊѿ ү̆ ҹ ᶫԅ ⱬ Ḥ Ȃ

↕ Ữԅ ᵣ ῒ ԑ῏ ῏ Ḥ ̆ ₃ᵥ ȁ

῏ ȁ ҹ̆ № ᶫԅ Ȃ ֓

Ữ ҹ ᶫԅ Ḥ Ȃ 

̂3̃ ̂Spatial Reasoning̃ 

ᵬҹ №̆ῒҺ ≢Ҍ ̆

┴ ӊ ῏ Ȃ ̆ ‰ №

̆ ῀ ӊ ῏ ῏ ҹ̆ ‗ ᶫԅ ̆ɒ

⅞ȁ ȁ Ḡ Ȃ ᴨ ȁ ⅞ ȁ ֜

ᵬ Ȃ № ῏ ̆ ץ ᶫᴨ ̆

≠ Ȃ 

̂4̃ ̂Geography Q&A and Recommendations̃ 

῏ № Һ̆ ⱬ

₮ ῏ ̆ᶛ ȁ Ȃ ѿ֜ԑⱳ ̆ ץ

῏ԍ ᵝ ȁ ȁ֜ ȁ Ḥ ȂҌֽ ̆

ҍ׆ץ Ҭ ӟ Ẓ ̆ ᶫҩ └

̆ᶛ ꜛ ⅞ ȁ ȁ ‗ ₮ Ҭ Ȃ ֜ԑ

Ḥ Ⱶ ҹ̆ ᶫԅḂ ȁ Ḥ ῏ ̆

Ȃ 
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2-13  

Fig. 2-13 Composition of geographical large model 

2.4.2 ῗ  

̆ ԑ ҉ ӟᴋⱵ҉ ԅ

ҹᾢ ̆ ԅ ף ӟ̂Machine Learning, ML̃ Ȃ

ҍ׆ ӟ ᴋⱵ Ҍ ̆ Ӟ̆ ̂Foundation Models, FMs̃̆

/ ӟ ӊ̆  ̂Brown et al., 2020Ȃ̃ ֓

ᾛ ῍֣ ғ̆⁞ ԅ ᴋⱵ Ȃ

̂Large Language Models, LLMȁ̃ ȁ ץ

ӟ Ȃ ChatGPT ԅ ⱳ̆ᵖ ֲ

̂Geospatial Artificial Intelligence, GeoAĨ ᵬ Ȃ 

῏ ԍ ֲ Ȃ Ҭ̆

ȁ Ἕ̂ᶛ Ἕ Ἕ ȁ̃ ȁ

̂ᶛ OpenStreetMap̃̆ ֓ Ḥ ̆

ᶛ ₃ᵥ ӈḤ ̂Hu et al., 2023Ȃ̃ ₮ ̆ ѿ

̆ ץ ֓ ̂Hu et al., 2018Ȃ̃ ѿ

ԅ GeoAIᴋⱵ҉ Ȃ ⌠ ֓

̆ ᵥ ѿҩ ԍGeoAĬ ᵥ

ѿҩ Ȃ 

̆ᶛ CLIP ̂Contrastive Language-Image Pre-Training̃̆ ΐ

Ҋѿץ ̔ 

̂1̃ ᾢᶏ ῀ Ҍ ̆ᶛ ̆ᶏ Transformer

̕ 

̂2̃ Ҍ ̂ ̃̕  

̂3̃ Ҍ ӊ Transformer̆≠ԍ ӈ

ѿ ῏ ̆ᶛ ̆ ľ Ŀҍ ῏ ̂ ̃̕  

̂4̃ Ҍ Ȃ 

ᵖ ֓ ׅ ӎҍ ̆ ̆

Ҭ ῏ Ȃ ̆ ≠ץ ᵝ

Ҍ Ȃᶛ ̆ ̂ ̃ Ἕ ץ ױ

̂ ̃ Ȃ ᴨל ԍ ᴰ Ȃ 

ԅ ῏ ̆ ῏Ҋץ ̂Mai et al., 

2022̃̔  
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̂1̃ Ẓ ̔ ᴪ Ҭ ᴪҌ Ẓ ̆ɒ ̆

҉Ẓ ԍ ү ̆ ץ ѿҩ῏

Ẓ ̆p Ҭ Ȃ ԍᴋⱵ ̆

⌠ Ẓ Һ̆ ̔ ̆ ѿ

ף Һ ̕ ӟ ᶏ

Ẓ ⱴ ̕ Ẓ Ҋ Ȃ ֓

ѿҩ Ẓ Ҭ Ȃ 

̂2̃ ̔ Ḥ Ҍץץ ̆

Ҭ̆ ѿ ΐץ ῃҌ ̂ Ȃ̃ᶛ ̆

֜ ֤ ѿҩΐ Ḥ ̆

֤ ҹѿҩ ѿ Ȃ ԍѿ Ҍ Ҋ ᴋⱵ ΐ Ҍ

Ḥ ̆ ‰ Ҋ ᴋⱵ ₮ ̆ ץ Ҭ῏ԍ

῏ №Ȃ 

̂3̃ ҍ ̔ ѿҩ῏ ᵥ

̂Ӟ └ ̃̆ ׅᾛ Ȃ ԍΐ Ҍ

̆ Ҭ׆ ӟѿ ̆ל ׅ ᵝ Ȃp ѿ

῏ ׅ ⌠ ‗̆ ѿ֓ ̆ɒ Ҋ ᴋⱵҬ ῀

Ҍ ᾧ ῤ Ẓ ̆ ғ ⱴ̆ Ӟ ӊ

ⱴȂ 

ԍ ╠Һ ꜚ ̆ ̆ ҹ ̆

ῒҬ ῏ №̆ ⌠ ₮ AI/ML ‰ Ȃ

ΐ ᾝ Ḥ ȁ Ḥ ᴇḤ ̆ᶏ AI/ML ȁ

ⱴ‰ Ȃ ֲ ҍ ̆Һ ԅ ȁ ȁ

ȁ ȁѿ ԓҩ ̆ ԅ ᵣ 2-14

̂ӏ , 2023Ȃ̃ 

 
2-14 ֲ  

Fig. 2-14 Geographic artificial intelligence sample conceptual model 

ῒҬ̆ ̂Training Dataset̃ ҩ ᾝ ᵣ ̆ᵬҹAI/ML

ѿ ῀Ȃ ᶛ̂Training Datãᵬҹ Ḥ ף̆№ ԅ

Ҭ ҩ ᵣȂ ԅ ҩ ȁ ῤ

̆ҹAI/ML ᶫԅ ῀Ȃ ̂Label̃ ᾝ ̆

ҩ № ̆ Ḡ Ҭ ‰ Ȃ ᴋⱵ̂ Task̃

ԅ ҩ ᴋⱵȂ ̂Qualitỹ ҩ ץ

ҩ ᾝ Ḥ ̆ ꜛԍ ≢ Ȃ

ꜚ̂Labeling̃ ֟ Ҭ ѿ ֲ ꜚ Ḥ Ȃ

̂Labeler̃ ֟ ֲ ꜚҬ ѿ ҍ ֲ Ḥ Ȃ
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̂Changeset̃ ңҩ ӊ Ḥ Ȃ 

ֲ Ḥ ԅ ȁ ȁ ȁ ȁѿ ̆ ꜛԍ

‰ Ȃ Ҍֽҹ ᶫԅḤ

̆Ӟҹ ֲ Ҋ ῍֣ ᶫԅ֜ԑ ᵬ Ȃ 

ֲ ᶭץ AL/MLᴋⱵ ╠ ‰ ̆ ‰ Ḥ

̆ ῀ ȂAI ᵬ 2-15 ̆

№ҹ ֟ȁ ȁ ȁ῍֣ȁ ȁ ῍Έҩ ̆ ץ

Ⱶ Ȃ 

 

2-15 AI ᵬ  

Fig. 2-15 AI-ready workflow 

Ҍ ῤ ̆ ᵥ ѿ Ḥ

̆ ῍֣ҍ֜ԑ ᵬ ╠ Ӟ̆ Ȃ

ᵥ ȁ Ẓ ȁ ̆ ‗

ץ ⌠ Ḥ ῏ ץ ֜ԑ Ȃ ╠̆ ῏

῏ ̆ ≠ ᾢ ֲ №

ץ̆ ‗ ᴨ ̆ῒ ₮ ReCovNetȁ

SpoNet ̆ ԍ ӟ ᴨ ̆ ԅ

ᴨ ‗ ̆ ꜚԅ ῏ Ȃ 

2.4.3  

ҕ Ҭ̆ Ғҙ ₮ѿҩ Ḥ ̆ ᾢ Ғҙ ̆

Ῥ Ғҙֲ ≠ ΐ ̂De Sabbata et al., 2023Ȃ̃ᶛ ̆ Ғҙ

ֽ ҹľ ⌠ Ὲ Ὲ֜ Ŀ̆ Ҍ ľᶏ ‖ ΐ Ὲ֜

Ὲ ҉ ⌠ ױ Ŀ Ғҙ Ȃ ҳ ӊѿ̆

GeoGPTѿҩ ץ Һ ⅞ Ḥ ΐ ‗ ԍ Ғҙ

ᴋⱵ Ȃ 

GeoGPT LLMs ӈ ⱬҍGIS ῤ ΐ ̆

ᵞ Ғҙ ‗ ᴋⱵ ̆ GeoGPTֽץ פ

ȁ № ȂGeoGPT 2-17 ̆ ȁ ⅞ ֓

ΐ̆ ץ Һ ‗ ᴋⱵ̆ ȁ ȁ

└ Ȃ 

GeoGPTҺ ⱳ Ҋ̔ 

̂1̃ ̔ Ҍ Ḥ ⇔ץ̆

ῃ ȁ Ȃ ֓ ԍ ȁ Ḥ ̂GIS̃ȁῃ ᵝ

̂GPS̃ȁ ֜ ᵣȁD ҩ Ȃ Һ‗ ֓ ҹ̆

№ ҍ ᶫԅᾟ ׆̆ ‰ ‗ Ȃ 

̂2̃ № ̔ ᾢ ԅ № ΐ̆ ֓ ΐ ᾟ
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№ ҍ ⱬȂ ֓ ΐ ȁ ῏

№ ȁ ȁ ⱳ Ȃ ֓ ΐҍ ᶏ ̆

ץ № ׆̆ ‗ ‰ Ȃ 

̂3̃ ̔ҹԅ № ̆ ԅ ̆ ץ

№ Ȃ ᶏ ȁ ȁ ⱬ ȁ ̆

№ Ȃ ̆ ԅ № ȁ ῏ ̆ל

׆ ‗ ⅞Ȃ 

̂4̃ № ̔ ̆ № ̆ҹ Ώ

ᶫԅ╠ ̆⁞ ԅ׆ҙֲ Ώᵬ Ȃ ֓ № ȁ ȁ№

ȁ ῤ ̆ ץ № ̆ ҹ

‗ ꜚ ᶫ Ȃ 

 

2-16 GeoGPT 

Fig. 2-16 Framework of GeoGPT 

ҹ ȁ№ ᶫԅῃ ‗ Ȃ

Ҍֽ Ғҙֲ ̆ ᵞ Ғҙ ̆ ֲ

№ Ȃ Ҍ ̆ Ḥ ᴪҹ ᴪ

ᶫ ꜛȂ 

2.5 ֢  

ᾴ ԋ ⱴ ֜ ȁ ȁ Ҭ ̆ ֜

῀ Ȃ ȁ ȁԐ ῐ ֜ ̆

ҹ ӟ̆ ץ ֜ ҹ ‰ ҹ̆

ꜚ ȁ֜ № ȁ֜ ҹ ȁ֜ Ԋ ȁ ֜ ‗ ᶫ

ꜚ ̂ 2-17̃Ȃ 
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2-17 ֜ ‗  

Fig. 2-17 Intelligent transportation large model solution 

֜ ѿҩ ̆ ⌠ ȁֲ ꜚ ꜚ ץ

̂Du et al., 2021̃̆ ῖ ׆ ȁ ⌠ ȂӞ ̆

Ғ ѿ ӟ ֲ ֜ ҬẠ ̆ ₮ ҹ

֜ ῃ ᶫԅ Ȃ 

2.5.1  

≠ ᴰ ֟ Ἕ ֜

֜ ҹ Ȃ ᾢ Ҭ ̆ ҍ

̆ Ҍֽ ֜ ’̆ ᶫԅ ᵝ Ḥ ȁ Ḥ

Ȃ ≠ № ῏ ̆ Ȃ Ҭ

ᴋⱵ ӟ̆ ӟ̆ ⱳ Ȃ Ἕ ῏

̆ ̆ ↓ ӟ ̆ꜚ ’ ̆֜

ꜚ ȁ №ל ̆ ᴋⱵ ӟ Ȃ 
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2-18 ֜  

Fig. 2-18 Application of large model in the field of transportation 

̔֜ ԍ ̆

‗ ֜ ̂Liang et al., 2023Ȃ̃ ⌠֜

Ҭ ‰̆ ᶭ ̆ ֜ ‰ Ȃ

ԍ ӟ֜ ΐ ᵬ Ḡ̆ ԅ֜ ⅞Ҭ‗

Ȃ 

̔֜ ҹ ΐ̆ ̆֜

Ἕ ȁGPS ȁ ֜ ᵣ Ȃ

№ ȁᾢ ӟ ֜ ̆ ֜ Ҭ Ҍ

ץ̆ ῃ ֜ Ḥ ≢ Ȃ

ץ ȁḤ ҹ ֜ ⅞ȁ ȁ֜

֜ ᶫ ‗ Ȃ 

↓ ӟ ̔ ↓ ֜ ̆

ץ ֜ № ҹ̆ ₮ ᶫ ⱴῃ ⱵȂҹԅ

̆ Ҭ ̆ ӟ֜ Ҭ

↓ ↓ ̆ ᵝ Ḥ ꜚḤ ̂Yao et al., 2023Ȃ̃֜

ԍ ӊ ῏ ҹ ̆ Ӟ ֜ ‰

Ȃ 

ꜚ ’ ̔ ’ Ҍ ֜ Ȃ ꜚ ’

̆֜ ץ ̆ Ḥ ̆

Ӟ ҹѿҩꜚ ̆ ╠ ’ Ȃ֜

ѿҩ ̆ ӟ ⱬ Ҍ ֜

̆Ạ₮ ҹ ‰ ⱵȂ 

֜ ꜚ ̔֜ ֜ Ҭ ᶭ Ȃ Ҭ ӟ

׆ꜚ Ҭ ֜ ῏ ̆ ֲҹ ҍ Ȃ

ꜚ ῃ ֜ ׆̆ ᵣ ֜ ̆

֜ ᴋⱵ ‗ Ȃ 

ҍ №ל ̔֜ ᴋⱵҬ ╠ ’ Ӟ̆

ל ̆ № ל ӟ ҹ̆֜

⅞ ᶫ Ȃ ̆ ῒ ӟ ᴰ

ל ӟ ̆ № ל Ȃ 

ҍ֜ ̆ ץ ֜ ̆ ̂Yu et al., 

2023ȁ̃֜ ץ Ȃ ֓Ḥ ԍ֜ ῏ ̆ ꜛԍ

ῒ ⅞֜ ȁᴨ ֜ Ḥ └ȁ № ׆̆ ֜

̆⁞ ֜ Ԋ Ȃ 

2.5.2 ֢  

ԍ ӟ ҉ ӟ̆ ѿ

ⱬ ⱬȂ Ҍ Ғ ץ

ᴋⱵ̆ ₮ ԅ֜ № ⱬ̆

⌠֜ ̆ ץ ҹ ֜ ᴋⱵ̆ ֜ Ԋ

ꜚ ̆֜ ’ Ԋ̆ № Ԋ ץ ֜ ꜛ ̆

֜ ץ ҹ ҹ Ⱶ̆ ҹ ҩֲ ֜ ꜛ Ȃ 
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 2-19 ֜ ֜ԑ  

Fig. 2-19 The interaction process of traffic large language model 

֜ ҩ № ҉ ֜ Ḥ

̆ ӈḤ ̆ ῀ Ḥ Ӟ ԍ

̆ ῤ ӈᴋⱵ Һ ⅞ ᵀ ֜ ԍ

̆№ ֜ ᴋⱵ ̆ ᴋⱵ ₮̆ ⌠ ̆ ̂ 2-

19̃Ȃ ֜ Ҭ̆῏ - ֜ ̆ ҍ֜ ̆

ӟҍ ץ ҍ ӟȂ 

- ֜ ̔֜ ᴪ֟ Ḥ Ḥ ̆ Ḥ ῀

 ̂ BERTȁGPT̃̆ Ḥ Ἕ ̆ ⌠

ӊ ҹѿҩ ѿ ץ̆ ֜ ӈḤ Ȃ

ᵬҹץ ῀̆ ԍ ӟ ̆ɒ ԍ֜ Ԋᴆ ȁ֜ ᴋ

Ⱶ Ȃ ̆ ̆ ֜ Ḥ ῀⌠

Ҭ̆ ץ ⌠ ֜ Ȃ 

ҍ֜ ̔ ԍ ֜ ῏ ̆ɒ ֜

ȁ ֜ ᵣ ̆ ₮ Ҭ ῏ Ḥ ȁԊᴆ ẁ ̆

Ҭ ֜ Ԋᴆ Ԋᴆ ᵬҹל ҍῒ ֜ ץ̆ ҹ

ῃ ֜ Ԋᴆ ל Ȃ ֓ ҍ֜ץ ҹ̆֜

⅞ ᶫ ῃ ‗ Ȃ 

ӟҍ ≠̔ ⱬ̆

ӟ ̆ ῒ ⌠֜ ᴋⱵҬ̆ ֜ ҉

ץ̆ ֜ ᴋⱵ ̆ Ҭ̆ ≢῏ ֜

̆ᶏ ֜ ῏ ӈ ҉Ҋ Ȃ ̆ ץ̆

֜ № ᴋⱵ Ȃ 

ҍ ӟ̔ ҍ֜ ץ̆

ᵣ Ȃ ӟ ̆ ҩ ץ̆ ѿ

Ȃ ᵀ̆ ῒ ֜ ᴋⱵ҉ Ȃ ᵀ

ᴨ̆ᴨ ӟ ץ̆ ѿ ֜ ‰ Ȃ 

֜ ץ ‗ ṿ ֜ԑ ̂Zhang et al., 2024̃̆

№ ̆ ⱴῃ ҩ֜ ҩ ҍ ⱬȂ ֜
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̆ ׆̆ ῃ׆ץ ₮ ₮

№ ̆ ֜ ץ ҹ ῃ ֜ Ḥ Ȃ֜

₮ Ҍֽ ֜ ̆Ӟ ┴ ױֲ ₮ ᵣ Ȃ 

2.5.3 ֢  

֜ ԍ ӟ ̆

֜ ץ ̆ ᴰ ̂ ȁ Ἕ ȁ̃ ȁ

GNSSβ ֜ ᵣ ̆ ץ ̆ ҹ ѿ

Ȃ ‗ ⱬ̆ ֜ ȁ ≢֜ ȁᴨ ֜

Ḥ ̆ ⅞֜ ̆ ֜ ᴨ ̆ ̆ Ҍ

֜ ̆ꜚ ӟ ̆ ‗ ̆ ꜛԍ ֜ Ԋ

̆ ֜ ⱬȂ֜ ᶏ֜ ȁ ⅞

ԅ ֜ ’ ̆ל ҩ ֜ ⱵȂῒ῏ Һ

ꜚ ȁ ӟ ‗ ȁ ץ

Ȃ 

ꜚ ̔ ꜚ ̆֜ ꜚ ῏

Ȃ ׆ ꜚ ȁ֜ Ḥ ȁ ֜ ̆

֓ ῀⌠ ֜ ̆ ԍ ꜚ ‗ ȁ ⅞ Ԋ

Ȃ ҍ ꜚ ̆֜ ץ ‰ ֜ ҹ̆

֜ └Ȃ 

ӟ ‗ ̔ ӟ ̆ ֜ ⱴ ᶏ̆ῒ

ҍ ֜ԑ Һ ӟ ᴨ ‗ Ȃ ‗ ⱬ ᶏ֜ץ

Ҍ ֜ ׆̆’ ȁ ֜ ⱵȂ 

̔ ̆֜

ᴪ ≠ ᴰ Ȃ ֓ ץ ᴰ ȁ֜ Ἕ ȁ

֜ Ḥ ֜ Ḥ ̆ ҍԐ ᵬ̆ ȁ

֜ № Ȃ 

̔ Ҭ ȁ ῃ ᶏῒ ֜ ΐ

ⱬȂ֜ ≠ Ḡ֜ ῃ Ḥ ץ̆

֜ ῍֣ ֜ Ȃ ̆ ץ ῃ ֜

̆ ֜ Ⱶ ᴨ Ȃ 

֜ ҩ Ғҙ ҍ֜ Ғҙ ̆

Ҍֽ ꜛԍ ꜚ֜ ̆ ғ ҹ≠ ֲ ⱳ ᶫԅῃ

Ȃ ֜ ᾛ ҙⱵ ֜ Ῥ̆

ⱴ҉ ΐᵣᴋⱵ Һ ֜ ̆ ֜ ⅞ ‗

Ȃ 

2.6  

ף ҳ̆ ᵬҹ Ḥ ̆

ῒ ⱬȂ Ҍֽ ԅ ᵣ ᵝ ȁ Ḥ ̆

ү ῏ ҍ ӈḤ ̆ ҹ ῀ ҕ ᴪ ᶫԅ ⱬ

Ȃᵬҹ ҕ ᵣ̆ Ҍֽ ᶫԅү Ḥ Ӟ̆ҹ ҕ ᴪ

ᶫԅ῏ Ȃ ӟᵬҹѿ ῐ ӟ ῒ̆ ᴨ

҉ Ӟ ₮ ⱬȂ 

ȁ ҉̆
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̆ ῏ ᵬҹ Ḥ Ҭ ̆ ӟ ᴨ Ҭ

ץ̆ ֲ ᶛ Ȃ ῀№ ῒ

Ҭ ̆ ᵥ Ḥ ῒ ⌠ Ҭ̆

ӟ ᴨ Ҭ ᶛ̆ ֲף ҍ

̆ҹ ꜚ Ḥ Ạ₮ Ȃ 

2.6.1 ᵲҿ҅  

ҕ ᴪ Ҭ ῏ ᵬ Ȃ ȁ

ҕ ѿ Ȃ ΐᵣ Ҭ̆ ≠ץ ⇔ Ḥ

̆ ᶏ ῐ ̂POĨȁ₮ ȁ ѿ ̂NDVĨ Ȃ

Ҋѿף Ḥ ᴰ ȁ № ⱬ̆

GPTȂ Ҭ̆ ץ ᵬѿ ̆ Ἕ ȁ

Ἕ ѿ ̆ ץ Ȃ ӟ ԅ ȁ

Ἕ ῒז ҍ ӊ ԑ῏ Ȃɒ ̆ Ἕ ץ

№ ̆ ᶭ ԍ Ȃ ץ̆

ԍ ץ ӊ ῏ ̆ Ḥ Ҍ

Ȃ ᵣӊ ῏ ̆ ֜ Ȃ ̆ ╠ Ḥ

ׅ ᾟ№≠ Ȃ 

ᵖ ԍῒү ץ ҍ ꜚ ѿ̆ ꜚ ѿҩ

Ȃ ̆ ᵥ Ḥ ῒ ⌠ ╠ Ȃ ╠

῏ Ḥ ̆ Ҭ Ȃ Ḥ

Һ ₮ PALM GeoBERT̆ץ ₮ STDGAT

Ernie-GeoL ȂPALMSTDGATԍBERT ̂Bidirectional Encoder Representations 

from Transformersӊ̃╠ P̆ALM CNN ׆̆ ᶏ

ӟ ҍPOIӊ ῏ ȂSTDGATPALM ҉ ⱴԅ

↓ ҹȂBERTף Ernie-GeoLҺ ῏ ҉ ҹ̂ ȁ ₯

ȁ ῀̃ ῀⌠ Ҭ̆ ᴋⱵҬⱴ῀ԅ ̂ᶏ GeoHash

Ȃ̃GeoBERT Ҭ ᵣ ῏

ӟ̆ ӟ⌠ ᵣ ҍ ῀ Ȃ 

ԍ - ̆ ױ ≠ץ ᴋⱵ ̆ ⱬ

ȁ ̆ ԍ ᴋⱵ ץ̆

Ҋ ᴋⱵ Ȃ ҩ Ҭ̆ ᵬҹ

̆ ῀ ̆ ῒ ῀ ҹ Ȃ

̂ ̃̆ Ȃ ӟ̆ ץ ӟ

῍ ̆ ⌠ῒҬ ץ̆ Ȃ ӟ

⌠ ץ ԍֲ Ҋ ᴋⱵ̆ ⅞ Ȃ ̆ └

↕̆ № Ҍ ӊ ῏ ᴨץ̆ Ȃ ̆

ץ ᵞ Ȃ ̆ ῀ Ҭ̆

Ḥ ‰ Ȃ 

2.6.2 ӥ ᴮ Ҳ  

‗ ̂MDP̃ ӟ ‗ ᴨ

ȂMDP ѿ ԍ ᵬ‗ ̆ῒ‗ ҍ ╠ ῏̆ҍ ῏Ȃ

ᶏ MDPҍ ӟ Ȃ ᴨ ҹ MDP̆ ױ ≠ץ

ӟ ‗ Ȃ ӟ ԅ ӟ ӟ ᴨלȂ ӟ
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ԍ ᶫ ╠ Ḥ ̆ ӟ ԍ‗ ᵀꜚᵬ ᴇṿȂ

ҍ ֜ԑ ꞉Ḥ ̆ ӟ Һ ӟ ᴨ ᵣ Ҭ

ҹȂ ӟ ӟ ‗ ↕̆ Ҍ Ȃ

≠ ӟ ‗ ̆ ҍ ֜ԑ ꞉Ḥ ̆ ꞉Ḥ

‗ ׆̆ ᶏ ᵣ Ҭ Һ ӟ ᴨ ῒ ҹȂ 

ᴨ Ҭ̆ ױ ≠ץ ӟ ‗ ⅞ȁ № ȁ

Ȃ ‗ ῒ̆Ҭ ץ ҹ Ҭ ̆ꜚ

ᵬ ץ ҹ Ҭ ꜚ ᵬ̆ ꞉ ץ ҹᴨ ᴇ Ȃ ‗

Ҭ̆ ӟ ╠ ꜚᵬ̆ ꞉Ḥ

ᵀꜚᵬ ᴇṿȂ Ҍ Ҍ ꜚᵬ̆ ᵣ ץ ӟ⌠ ᵥ Ҍ Ҋ

Ạ₮ ᴨ ‗ ׆̆ ᴨ Ȃ ӟ ᴨ ̆

Ȃ ӟ ̆ ≢

Ҭ̆ᴨ ᴨ ῏ Ȃ 

ӟ ֲ ҍ Ҭΐ ⱬ ῒ̆ ԍ

ȁ ȁ ̆ ȁ ᴨ ꜚᵬȂҍᴰ

ֲ ̂ Social forcePathfinderᴆ̃ ̆ ӟ ᶫ ‰

̆ ῒ ₮ Ȃ 

2.6.3 AGIש ғ  

ֲ ̂AĨ ֲ ̂AGĨ Ҭ̆AI ֟ ԅľ Ŀ̆

ᵖץ ӈ ҹ Ҭ ᶭ Ҍ Ȃ ᵬҹ ֲ

֟ ̆ ῏ Ҭ Ȃ ΐ

ȁ ȁ ̆ Ҭ Ғҙ ȁ ҍ

ץ̆ Ҭ Ғҙ Ȃ ץ ӈ ҹҺᵣ

̆ ԅֲҍ ȁ ֜ԑȂ ԅѿҩֲ

ȁ ֜ԑ ᵣ Ȃ 

ľֲ- ò ̆ Ȃ

ᵣ ֲ ֟ ֲ ץ̆ ῒ ҍ

₮ῤ ῀ ᵣ ≠̆ Ḥ Ȃ

ᵬҹ ̆ ֲ ᵣ ֜ԑ ̆

ҍ ̆ ׆̆ ‗ Ȃҹԅ

̆ ≠ץ ԍԐ ̆ῒҬ GeoKEҹҬץ

ῃ Ḥ ̂GIS̃ Ȃ ѿ ѿ Ԑ

̂OneSls̃̆ ᶏ JavaȁSpringBootMaven Ȃ Ữ

NebulaGraph ̂ ȁ̃PostgreSQL ̂ ῏ ȁ̃PostGIS ̂ ̃ OSS ̂

ᴆ Ȃ̃ Ữȁ Ȃ 

ҳ ̆ ֜ ̆ ֲ

ᵣ ֲ Ȃ Ғҙ ҍֲ

ץ̆ ꜚ Ȃ ȁ ץ

ҹ ̆ ױ ̆̓̀ ꜚ ֲ Ȃ

ֲ Ȃ ᾟ

└Ḡ Ȃ ῍֣ Ḇ̆ Ҍ ҩ

ֲӊ ᵬҍ֜ ץ̆ ꜚ ῍ ῍֣Ȃ ῏

Ȃ ̆ ̆ ֲ ҬҌ ᵝȂ

Ҭ ̆ ⌠ ҙȂ 
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2.6.4 GeoAIҲ ғ ԝ  

ֲ ̂GeoAĨҬ̆ ΐ ԑ Ȃ

̆ ↕ Ȃ ԍ ̆

↕ ᶫ Ȃ ң Ȃ

GeoAIҬ̆ ῃ ̆ № ⱬӞ ҳ

ȂD ҉ ѿ └̆ ғ

Ȃҹԅᾥ ֓ └̆GeoAI͂ԅ ̂Vector̃ᵬҹֲ

ף ׆̆ ԅ Ȃ ΐ ȁ

῏ ȁ ӈ ̆ΐ

Ȃ 

GeoAI ל ҹ№ץ ȁ ‗ ҈ҩ Ȃ

̆ ԋ Ḥ ̂GIS̃ ⌠҈ ̆ ѿ ῃ ȁ

ῃ ȁῃῤ ҈ ץ̆ ȁ ȁ ȁ

№ Ȃ ̆ ῀ ץ̆

Ȃ ‗ ̆ Ȃ

֓ ҹץ ҩ ᶫ ‰ Ȃ 

ԑ ץ ῀⌠ Ҭ̆ Ӟ

ץ ῀⌠ ҬȂGeoVector ̆

ῒῤ ԅ ̂Physics Informed Neural Network̆PINN̆̃ ԍ

ȁ№ ȁ ȂGeoAIҌֽ ῀ ȁ ȁ ȁ ȁ ȁ ȁ

ȁ ȁ ̆ ԅ Ḥ ̆ҹ

ᶫԅ Ȃ 

҈ȁ ῏  

3.1 Ỵ  

Ḥ ̆ ȁ№ ▲ ⱴȂ ̆ף

Ḥ ҳ Ȃҹԅᾥ ̆GIS ῒ

ȂGISҳ ѿ֓ № ȁ № ȁ

ץ Ҭ ̆ Ḡ Ȃ ╠̆ ̂ᶛ

HadoopSpark̃Ҍΐ № ȁ ⱬȂҹԅ

№ Ữ ȁ№ ⇔ ̆ ȁ

̆GIS Ȃ ѿ ̆ ⱴ Ҍ

̆D ῏ ₮ Ữ ᵞȁ ⱬ ȁ

̆ Ữ ל Ȃ ̂ Docker̃ ≠ԍ GIS ȁ

̆ Ҭ ᶃ └ҹGISⱵ ꜚ ᶫ Ȃ 

 GIS ᶏ ̆↕ Spark₮

ῒᴰ ⌠ GIS Ȃ ғ Ữ Ȃ ̆ᴰ GIS ֽ

ᵬҙ ↓Ҭ ᴋⱵ̆ Ȃᴰ GISᴆ №

 ̂ ᶛ 10ַ ̃ Ȃ ̆ ֓ ᴆ̆

ғ Ώ GISҬ Ȃ ̆ Ữ

Ữȁ№ ȁԐ ȁ ̂
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׃3.3.3 ȁ̃3D ȁ ȁ ҍ

ט֜ Ȃ 

3.1.1 Ỵ 

Ҭ ѿ̆ҩ῏ ỮȂ ֟

ȁᴇṿ ᵞ̆D ᴆ Ữ Ḡ

Ȃ ̆ Ữ ‗ Ҍ ῒ̆ҬҌ ԑ

ԍ ̆ᵖ ᴰ ᴆ ῏ Ữ ‗ ҹ№

ȁ ᴆ ӈ Ữ Ḃץ̆ Ữ ⱬ Ȃ 

Ữ ҹ҈№ץ ̔№ ᴆ ȁ№ ῏ ȁNoSQL/ NewSQL

Ữ Ȃ№ ᴆ Һ ԍ ‗ Ữ ȁ Ȃ

└◐ I/OҌֽ ץ ⱴ ̆ ץ ȁ ⱬ ꜚ

Ȃ ץ Ԑ Ҭ̆ ᴆ ȁῤ ȁ ῍֣ REST 

WebⱵȂ ѿ Hadoop̕ῒז ᵌ CephIPFSȂ№

῏ Һ ᴰ Ҭ № № ԊⱵ ̂

ᶛ PostgreSQLȁMySQL ȁ ԍDocker CrateDBȂ̃ ԍҍ

Ὶ ̆ ֓ ץ SQLԊⱵ Ȃ ԍ ᴆ

ׅ ץ ̆ ⱴ Ȃ ԍ ֓ ̆

ᵞ̕ ῒ Ҭ ̆ ѿ ҹ ȂNoSQL/NewSQL

Ữ ⁞ ACIDԊⱵ ̆ᶏῒ  ⌠ Ȃ 

ׂ̆ Ҍ Ữ ԍ Ҭ̆ ғץҌ ᶏ Ȃ ᵥᾟ№

ҩ ᴨ̆ל ῍֣ ̙ ᵥ ᶫ ѿ ȁ Ώ

̆ ΐ Ữ ⱬ̆ ᴇṿ̙ҹԅ ‗ ֓ ̆

ԍ SDX+Ҭ ҍ GDB CLIҬ ̆ ԅ

Ⱶ DaaŜData as a Servicẽ̆ ѿ RESTⱵ ̆ ץ

Ữ ̆ ҍ ᶏ Ȃ № ȁ

Ữ Ⱶ̆ץ Ԑ/ ѿ Ȃ ᶏ ѿ ̆

ҍHadoopỮץ ȁMongoDBỮ ȁPostgreSQLȁMySQL ץ ῒ

ז ̂ 3-1̃Ȃ 
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 SDX+⌠DaaS׆ 3-1

Fig. 3-1 From SDX+ to DaaS 

Ữ ⱴ ⱴ̆ ᴇṿҌ Ҋ Ȃ

ῤ ̆ ᴪ ҹ ֟Ȃ ̆ ᶏ Ҍ ̆ ᴪ ҹᴑҙ

Ȃᶛ ̆ ῃ ̆ᴑҙ ᴪ ҳ ̆

Ὲ Ȃֽ ֽ Ҍᴪ ᴑҙ ȂԊ ҉̆ ᶏ ‗ ԅῒ

ᴇṿȂ ̆ ῏ Ȃ ̆

ᴇṿ ѿҩ῏ Ȃ 

3.1.2 ⅎ  

⌠ ̆ CPU ѿ ̆

CPUҹ Ȃ ᶏ ᴋⱵ̆ ᶏ

CUDA OpenCL └̆ ץ ҩCPUῤ ⱬ └Ȃ

Ҭ̆CUDA ȁ Ⱶץ ԍOpenMP № ̆

ԅ № ̆ ᶏ ⱳ Ȃ 

HadoopҬ MapReduceҒҹ ̆ ҹ ѿף№ ᾢ Ȃ

̆ Ȃ ֓ ꜚ ȁ ȁ Ȃ ԍ№

ῤ Flink SparkףȂ

Apacheᴆ ᴪҺ Hadoop/Spark ҹ ‰̆ ҙ

Ⱶ ‗ ԍ ҩ ̆ ֓ҙⱵ ‗ DatabricksȁAmazonȁIBM

Oracle ⱵԐȂ 

GPS ȁ Ἕȁ ֲ ̆ Ữ

ⱴȂ ̆ GISⱳ ῀SparkҬ̆

№ ҹ ̂ ̆̃Ȃ SuperMap GISῃ

Spark Ȃ ΐ ‗ ̆ GIS ȁ

SDK ҈ҩҺ ᴆȂGIS ᵬҹץ Scala͂⌠ Spark

Ҭ̆Ӟ ץ PythonҌ ╠ № ᴆҬ Ȃ iObjects for Spark

Ⱶ ⌠iServer֟ ↓Ҭ̆ ץ REST № № ⱵȂῒ
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ץ ΐ iObjectsȁiDesktopȁiDesktop CrossȁiMobileȁiClientῒ2זD/3D

Ҭ ᶏ ̂ 3-2̃Ȃ 

 

3-2 GIS  

Fig. 3-2 Massive GIS cluster structure 

ѿҽ ̆ ᾟ№≠ ף ᴆ Ҭ

Ữȁ№ ῤ ȁ ῒ ⱬ̆ ץ № Ữ҉̆ ԍ

῏ ѿ ̂ ,ү, ,.,2023Ȃ̃ ҽ ‗ᴰ GIS

Ҭ Ữ Ҍ ȁ ⱬҌ Ȃ ᶏ

῏ ҹ Ḇ̆ ᴧ

Ҍֽ̆ GIS ⌠ѿҩ ̆ ȁ

ȁ ⅞ Ȃ 

3.1.3 Ԝ  

Ԑ ᶫԅѿ ῍֣ Ȃ -Ԑ- ꜚ №

̆Ҍֽ ԅ ≠ ̂Chen et al., 2022̃̆ Ӟᶏ

ῤ ⱬ ҹ Ȃ ԍԐ ԅ

̆ ῒ ̂RSBD̃№ ̂Xu et al., 2022Ȃ̃֒ ȁ ȁ ȁIBM

ᶫԐ Ҭ ⱵȂ Ҭ ̆ Ԑȁ Ԑȁ ԐӞ ᶫ Ԑ

ⱵȂ ̆Ҍ ∆⇔Ὲ ᶫ ԍDocker Ⱶ̆ ҂ ȁ Ԑ Ȃ ֓Ԑ

ᾛ ̆ ̆ Ԑ Ȃ ̆

ᴰ Ⱶ Ⱶ Һ Ȃ ׂ̆ ԍ Hadoop/Spark№ Ԑ

ҹ Ҭ ⱵȂ Docker ̆ῒ ԍ Ԑ Ⱶ

ץ ѿ ᵞ ̆ ᶫ ȁ ‗ № Ȃᶏ  Docker 

̆Ҍ Ҭ ӊ Ὲ῍Ԑ ԐҬ ӊ Ⱶ Ӟ ⱴ Ȃ ҉

̆Ԑ Ⱶ ׆ ԍ Ⱶ Ⱶ ԍ DockerȁHadoop/Spark

№ Ⱶ ⱵȂ 

DockerҬ Ԑ̆ Ⱶ ҙⱵ ᴆ ҹ Ⱶ̆ ץ Ȃ

Dockerɒץ Ὲ ԐȁҒ Ԑȁ ҙԐȁ ԐҬ ȁ ȁ Ȃ

ᵞԐ Ⱶ ȂGISԐ ҍ Docker
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ᾟ№ ̆ ԍ Ⱶ ȁ Ȃ SuperMap iServerȁiExpressȁ

iPortalȁiManagerDocker̕ ԍῒ ‰ Ⱶ Ⱶ ץ ⌠Ҍ Ԑ

Ҭ Ȃῒזⱳ ̆ɒ Ҍ ӊ ץ ꜚ ⱳ

Ӟ ῤȂ ᴑ̆ҙ ҩֲ ֓ Ⱶ̂

3-3̃Ȃ 

 

3-3 ԍԐ DockerⱵ  

Fig. 3-3 Microservice structure based on cloud computing and Docker 

ԍDockerⱵ ̆ ץ GIS ҹԐ ̆

Ԑ ѿ Ȃ ױ ץ ῃ ⌠Ԑ ҬȂ ֓

ҹ ף Ҭ ⱬ̆ ҹ ȁ ᴧ ҙ Ҍ

ᴆȂ ᶫ ȁ № ȁ ȁAPI֣̓̀

Ⱶ ⱳ Ȃ 

3.1.4 3D  

̆3D ῏Ḥ ԅ Ȃ ⱬ ̆ῒ

ᴆ ‰ OpenGLȁOpenCLȁWebGLӞ ȂVR/AR

3D ῀ԅ Ȃף ԍ IT ̆GIS ԅң ῏ ̔ẁ

2D 3Dꜚⱳ Ȃ׆ ⌠ ̆ Ҭᶏ

⌠ Ȃ 3D GIS̆ҹ ῀ ȁ Ⱶȁ№ ȁ

Web ꜚ ᶫῃ ‗ Ȃ ҍ Ⱶ ȁ ᴆȁ

ꜚ ȁWebȁ ᴆȁ ȁԐ Ⱶ ῒזIT Ὶ Ȃ 

҈ BIM ҍ ̆ ױ ץ ѿ

⌠ ҩ ̆ɒ ᴆ ᴆ ץ̆

Ȃ VR/ARҍ ̆ ⅞

ץ ᶫ ү ᵣ ׆̆ ȁ ȁ ⅞ Ὲ῍ Ⱶ

Ȃ 3D Ҍֽ ԅ ̆ ᶫ

ⱳ Ȃ ̆ ⇔ ԅѿҩῈ῍ IT ̆ᾛ ѿ ⅞ȁ ᴨ
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̂ 3-4̃Ȃ 

 
3-4 3D ‗  

Fig. 3-4 Spatial data intelligent large model 3D virtual reality technology and solutions 

3D GIS ҹ ῏ №Ȃ ̆ 3D GIS

╠ 3D GIS̆ ҕ Ȃ ᶛ bool ᵬȂ ̆

῀GISᶏ ⱴ Ȃ ꜚ ⅞ȁ ȁ

ȁ֜ ȁ ҙⱵ Ȃ 3D

ȁ ꜚ ȁ Ȃ 

3.1.5  

ᴆ Ἕ ᴇṿ Ȃ ᶏ ̆֟ ᴇṿ ̆ ғ ᴆῚ

Ȃ ̆ Ҍֽ ΐ ⱬ̆ ΐ

Ὶ ̆ ῒ ᴆ ԍҌ ꜚ Ȃ

ҹ№ץ ȁ ᵬ ȁ ᴆ Ȃ ̆Ὶ

Ȃ Ӟ ҹץ ⇔ ᴇṿȂ 

ῒ ᴆ֟ Ҭ̆SuperMap GIS֟

ᶫԅ ү Ȃ ԍ.NETiDesktopԍJava iDesktopץ

Ԑ ỮȂ ΐ ҒҙGIS ȁ ȁ№

ⱳ ȂiClientᶫWebGISⱳ ̆Ὶ Ҍ Ȃῒⱳ Ⱶ ῍֣ ȁ

№ ȁ ̆ ᵬ ҉ᶏ ̆ ᴆ ᴆȂiMobileҌֽ

ᶫiOSAndroidSDK̆ ᾝḤOS ῀ ᵬ Ȃ ԍGIS ⱳ ԍ

Ḃ ̆SuperMapᵬᴩᵄ ῒז ҉ ԅ ץ̆

Ғҙ Ȃ 

SuperMap GIS ̆ ᶫ ȁWebȁ ꜚ SDK̆

API Ԑ Ⱶ̂ 3-5̃Ȃ ᶏץ SuperMapᶫ SDK ᴆ

Ȃ ȁ ᴧ Ҭ CPU ץ̆ Ҭ ᵬ Kiron OSȂ

ӊ̆GIS Ὶ ̆ ׆ Ҭ ₮ ⱬ̆֟

ᴇṿȂ 
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3-5 ‗  

Fig. 3-5 Spatial data intelligent large model multi-client solution 

3.1.6 ғ  מ֢

ԑ ꜚҊ̆ ᴆ ⌠ԅ Ȃ Git/Gitlab/Github

₮ №̆ └ ԅᴰף Ҭ ᴆ Ȃ ׂ̆ ȁῈ῍ף ȁ

ꜚ ҹ ‰ Ȃҍ ̆Docker ץ

̆ Linuxῤ ӊ҉Ȃ Dockerᾛ ᴆ ҹ Ȃ

Docker̆ ץ └ Ⱶ Ȃ Docker ԅ

̆ ԅ Ҭ ӊ Ȃҹԅ ̆ ט֜

DevOps ԅ ȂҍMesosȁKubernets Ӟ

₮ Ȃ ҉ ꜚ ט֜ ԅ ᴆ ḱ ̆

ԅ ᴆ Ȃ ף ⱴץ ᴆ⇔ ⁞ Ȃ 

ҹԅ ȁף ȁ ⱳט֜ ̆ №ҹ

҈ҩ ̔ ȁ ֟ Ȃ ԅ ף ӊ ̆ ΐȁ

ᶛ Ȃ ȁ ᵀ Ȃ ֟ ֟ ̆ῒҬ

╠ Ȃ ᶏ ҹ ̆ AB

⌠ ҹȂ ‗

҉̆SuperMap ԅ ҩ ‗ ט֜ ̆ ԅ ᴆ ȁ

ꜚ ᵬ Ȃҹԅ ҉ ̆ Ⱶ ԅ

ט֜ DevOps Ȃ ╠̆SuperMap iServerȁiExpressȁiPortalȁiManager֟

ԅDockerⱵ Ȃῒ Ȃ ט֜ ᶏ

ᴆ ⱴ ̆ Ḡ Ȃ ץ Ȃ

ᴰ ᴆ Ҭ ȁ ȁ ȁ ȁ ֟ / / Ȃ

ȁ ḱ ץ Ҍ Ả ⱳ Ȃ ӊ̆≠ Ԑ ȁ

ȁ ט֜ DevOpsᵬ ̆ ᴆ Һ Ȃל

ҹ Ȃ 
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3.2 ⅎ ғ  

3.2.1  

῏ ꜛԍ └Ȃ Ҭ̆ ῏ Ӟ

ᵬ ̆ ԅ ῏ Ȃ ԍ ̆

῏ Ҍ Ȃ ̆  ľ ᾢԍ Ŀ Ẋ ╠ Ҋ̆׆ ↓ Ҭ

Ȃ ӊ № ῏ ̆p ׅ

Ȃ ↓Ҍ ̆ ⌠ ῏ ѿ̆֓ ῏

ᴪ Ȃ Ҭ ҹ ₮̆ ҹῃ

₮ Ȃ 

ԍ ΐ № ̆ ғ ӎ

↓ ̆ ׆ץ ѿҩ ῏ ≠№ᾟץ̆ Ȃΐᵣ ̆

ѿҩ ҉ ̆p № ᶏ ῒ ҉

≢Ȃ׆ ↓ Ҭ ῏ ѿ ↕ ԍ - └Ȃ ̆

 ̂ Ҍ ᵝ ̃ Ӟ ԍ Ȃ ῏ ῤ

└ №̆ ץ № ױ ≢Ȃ № ῏

̆ ᾟ̆ ԅ ῒ ԑᵬ ̆

̂ ̃ҹ ῏ ᶫԅ ᴇṿ Ȃ ̆ᶏ

ԍ ᶫץ̆ Ҍ ֲ ֲ ̂AĨ׆ Ҭ

῏ Ȃ׆ ѿ ̆ ȁ№ ҍ

̆ ѿ ̆ Ҭῤ ̆ ҍ ӟ

̆ ꜛԍ ԍ ̆ ⌠ ԇ ӟ

Ҭ ץ ᶫ ῏ Ḥ Ȃ 

⌠ Ҭ ץ

̆ ѿ ꜚⱬ ӈ ῀ ᴪ ֜ ̂Geographical 

Convergent Cross Mapping, GCCM̃ ץ ῀ ῏

≢ҍ ȂGCCM ≢ ӊ ῏ ̆ ᵀ Ȃ

ԍ ѿ ᾝ҉ ңҩ X Y̆ ҹ ↕ ̂ ̃ Ҍ ↕

̂ ̃̆ ױ ṿ ץ ҹ׆ ҩ ᾝ ṿ ₱ Ȃ

ӈ ῀ ̆ ױ Mx My ᶏץ ‪ὼ ώȟί s̆ ╠

ᾝȂ ԍ x̆ ῒ y ṿ ץ MxҬ׆ ≢₮ ῒ Ȃ ԍ

ԑ ӈҹ֜ ̔ 

ὣ ὓ᷄ ύ ὣ ᷄᷄ὓ  

ῒҬ̆s Y ṿ ᾝ̆ὣ ̆L ῀ ̆ίὭ

Ҭᶏ ᾝ̆ὣ ίὭ ṿ̆ ғ MyҬ ѿ№ ̆ ҹ

‪ώȟίȂ 
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3-6 ԍ֜ ԑ  

Fig. 3-6 Mutual neighborhood for cross-mapping prediction 

3-6 ԅGCCM Ȃ 3-6̂ ã Ҭ̆ Ҭ ԑ ֜

Ȃ ҹ‪ώȟί ᾝ ̆ ҩ
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‪ώȟίȟ‪ώȟίȟ‪ώȟί ‪ώȟί ⱴ῀ ̆ ױ Mx Myӊ

ѿ ѿ ⌠ Ȃ‪ὼȟί MxҬ‪ώȟί Ȃ MxҬ ⌠ ‪ὼȟί

‪ὼȟίȟ‪ὼȟίȟ‪ὼȟί ‪ὼȟί̆ ғ ץ ԍ≠ ԑ ᵝ MyҬ

‪ώȟίȟ‪ώȟίȟ‪ώȟί ‪ώȟίȂ 

3.2.2  

ԍ Ҭᾝ ᵌ ῒ̆ ԍ ȁ

ȁ Ȃ ԍ⅞№ ԍ ̆p

ԅ ױ Ȃ ԍ ῤ̆ ѿ

ᶏ ₮ Ҭ

ⱴ ̆ ӂ ₮ ‰ ΐ ᵬ

Ȃ ᶏ Ҭ ̂Clustering by Direction Centrality, CDC̃̆

ѿ ԍ K- ̂KNÑ№ ῏ №ῤ ץ̆ ‗

Ȃ ῤ ׆̆

№ Ȃ 

CDC KNN № № ῤ Ȃ ₮יּ

̆ ῤ Ȃ ῤ ҩ ҉ ῒ ̆

ѿ ῤ Ȃҹԅ № Ҭ ̆ KNN

2D Ҭ ӈҹ Ҭ ̂Direction Centrality Metric, DCM̃̔  

Ὀὅὓ
ρ

Ὧ
ɻ

ςʌ

Ὧ
 

Ҭ KNN ץ kҩ ‌ȟ‌ȟȣȟ‌ ̂ 3-7ãȂ ԍ2D ̆ ᴆВ ɻ ς

Ȃ ғֽ D̆CM ⌠ ṿ0Ȃ ᴆ Ҭ KNN

҉ № Ȃ ֓ ӊѿҹ2ˊῒᵩҹ0 ̆ ץ ҹ Ȃ KNN

ѿ № ̆ᴪ ’Ȃ ṿ̆DCM ץ ѿ ⌠ [0, 1]̆ Ҋ

̔ 

Ὀὅὓ
Ὧ

τὯ ρʌ
ɻ

ςʌ

Ὧ
 

DCM ѿҩ ̆ ῤ ΐ ᵞ DCMṿ̆ ΐ

ṿ̂ 3-7b̃Ȃ ̆ῤ ץ ṿ TDCM⅞№Ȃңҩ

DS5DS7⅞№ ԅ ̂ 3-7c, d̃Ȃ 

DCM ῤ ӊ ̆ ױ ҩ № ῒ ῤ

ȂCDC ңҩ k̆ TDCMȂk T̆DCM

ῤ ⅞№Ȃ Ҭ̆ ⌠ TDCM № ̆ ױ ῤ

№ᵝ TDCMҹ ὲρ ὶὥὸὭέҩ DCMȂ ṿΐ

ӈ ̆ TDCM Ȃ ̆70%~99%ῤ

ץ̆ Ȃ ̆ ̆

̂ ᵞ ̃ № Ȃ 
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3-7 2D Ҭ CDC Ҭ  

Fig. 3-7 CDC algorithm and intermediate results in 2D space 

3-7 ԅ 2D Ҭ CDC ῒҬ Ȃ 3-7(a) Ҭ KNN

Ҭ ̕ 3-7(b) DCM ̕ 3-7(c)3-7(d)ңҩ

҉ ῤ ⅞№ ̆ ԍDS5̆k=10TDCM=0.1̆ ԍDS7̆k=30

TDCM=0.1Ȃ ῤ ̆ ̕ 3-7(e)ῤ ̕

3-7(f) ῤ ῏ ↕̕ 3-7(g)3-7(h)DS5 DS7҉ῤ

Ȃ 

3.2.3  

ѿҩ ᵖ ֟ ̆ ľ‰Ŀ ľ Ŀ̕ ᾝ ȁ

Ҭ ң Ғҙⱳ ̆ ѿ ץ Ȃ Ḥ

ץ ⌠ ≠ ̆ ȁẠ₮ №

ȁ ֲ ꜚ ꜚ ̂Gao Q L, Yue Y, Tu W, et al., 2021Ȃ̃ ╠

└ ҍAI ̆ ȁ Ἕ AI Ȃp

ҹ ᵣѿ ̆ └ ҍ ҩ ᾝ ̆ ץ ⌠ ľ‰ĿȂ

ԍ ᵣ ̆ └ ΐ ꜚ ̂

ľ‰Ŀ̃̆ ῤ DALLE-3 ⇔ ̂  ľ Ŀ̃̆

MapGPTȂ ғ ֜ԑ̆ ᾝ ȁ Ҍ

̆ ҍ ᵣ֜ԑ ῤ Ȃ 

 



56 

 

3-8 MapGPT  

Fig. 3-8 Basic framework of MapGPT 

MapGPTԍLangChain̆ᶏ OpenAIGPT4 ̂0613̃ᵬҹ Agent̆

ӈԅ ҩ└ ΐ̆ ҩ ᾝ ҍ └Ȃ ̆ ̂LLM̃

ᵬҹ ῀̆ ᵬҹ ₮Ȃ ̆ҹԅ ΐ └ ⱬ̆

ῒ Ғҙ └ ΐȂ Ӟ̆ ѿҩ ҹ̆ ҍ└ ΐ

̆ ῒñ ᴪᶏ ò└ ΐȂ Ҭ̆ ԅLangChain ҍҒҙ└

ΐ ȂLangChainѿҩҒҹ ̆ῒҺ

ꜛ ֲ ҍῒז ȁ ΐ̆ ֜ԑȂ Ҭ̆ ױ

ԅ 3-9 ץ̆ ≢ȁ └ ΐ └ ᴋⱵȂ 

 

3-9  

Fig. 3-9 Frame prompt design 

MapGPT ҩ ᾝ ӈԅ └ ΐ ץ̆ Ҍ ᾝ

└̆ ץ └ Ȃ ΐҺ Έҩ ̔ ∆ ȁᶏ

ȁ ⱴ ȁḱ ᾝ ȁ ⱴ ᾝ ȁḠ ₮ Ȃ 

̂1̃ ∆ ̔ ̆ᶏ № ΐ Ȃ

ΐᵣ ̆ ∆ ῤ ΐҺ ԍ ӈ

̆ Ȃ 

̂2̃ ᶏ ̔ ѿҩΐ ᵬ̆

ᶏץ Ḥ Ȃҹԅ ‗ ̆

MapGPT͂ԅ ╠ DALLE-3 ̆ῒ ץ ῀̆

Ȃҹԅ DALLE-3 ̆MapGPT

ԅ Ҋ ̔ñPlease help me design a map symbol that represents {keywords}. Try to keep 

it simple and understandable, using only one color tone and reflecting the style of a simple drawing. 

There should be as few elements as possible. Try to present only the symbol I need.ò. ῒҬ̆

keywords ῀ Һ ῀ ῤ Ȃ ̆ ԍ

ѿҩ ҹҺ ᴋⱵ̆MapGPTԅѿҩ֜ԑ ̔ ѿ ΐ Ҭ̆
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ᴪ 3ҩ ̆ ץ Һ ῒҬѿҩ Ȃ 

̂3̃ ⱴ ̔ № ΐҺ ԍ └ ⱴ ̆ ȁ ȁ

Ȃ ץ ꜚ ≢ ̆ ⱴ

Ȃ 

̂4̃ ḱ ᾝ ̔ Ҍ ᾝ ̆ ץ ῒ ҩ ΐ̆

ᶛ ᾝ ̆ ԅ modify_compass_locationȁmodify_compass_widthȁ 

modify_compass_colorȁmodify_compass_styleҩ ΐ ῒ Ȃ ԍ ֓ ΐ̆

ץ ᾝ └Ȃ 

̂5̃ ⱴ ᾝ ̔ḱ ᾝ ̆ᶏ ⱴ ᾝ ΐ ῒ └⌠

҉̆ ᾝ ȁ ᶛ ȁ ȁ ᶛȁ ȁ Ȃ 

̂6̃ Ḡ ₮ ̔ ₮Ḡ Ȃ 

 

3-10 MapGPT└ ΐ  

Fig. 3-10 MapGPT Mapping tool module 

3.3  

ҹ ȁ Ḥ ̂GISciencẽ

Һ Һ ̆ ֓ ץ ̂

̃ ⌠Ȃ ף ԅѿ ̆p ╠ҍӊץ Ҍ

ῐԅ Ȃ ԍ ל ̔ ȁ ᴪ ᵣ ᴰ

̕ ₃Ӎ ⱬ ץ̕ № ӟ

Ȃ 

3.3.1 ӥ 

Ҭ̆ ӟ ҹ №Ȃ ӟ

ӟ ȂῒҬ̆ ̂CNÑȁ

̂RNÑ № ̂VAẼ ӟ Ȃ ↕
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Ҭ ̆ ȁ ᾝ ȁ ₱ ȂҌ

ԍҌ ᴋⱵ Ȃ ӟ ҉ ᴨ̆ ӟ

Ҭ ѿҩ №Ȃᴨ ᶏ̆ ҉ ⌠ ᴨ

Ȃ ᴨ Ҋ ̂SGD̃ȁAdamȁRMSpropȂ ֓ᴨ

ΐ Ҍ ̆ ΐᵣ ’ ᴨ Ȃ

Ҭ ӟ ҍ ⱬ ῏ ғ̆ ⱬӞ ᵀ ӊ

ѿ̆ҹԅ ⱬ̆ ץ ӟ Ҭ ȁ ↕ ȁ ӟ

Ȃ ֓ ⱬ̆׆ Ȃ 

ӟ Ҋץ ̔ 

̂1̃ ҍ ӟ̔ ΐ ̆ ӟ ץ

ӟ⌠ ׆̆ ̆

ⱬ ⱬȂ 

̂2̃ № ҍ ≢̔ ӟ ץ ԍ № ≢ᴋⱵ̆ᶛ

ἝҬ № ȁ ≢ ̆ ӟ ̆ ץ Ҭ

Ҍ ≢ ꜚ ≢ № Ȃ 

̂3̃ № ҍ ̔ ӟ ץ ԍ № ᴋⱵ̆ᶛ

ȁ֜ ̆ ӟ ῏ ̆ ץ

№ Ȃ 

̂4̃ ҍ ̔ ӟ ץ ԍ ᴋⱵ̆ᶛ

̂GAÑ Ἕ̆ ᶏ ̂RNÑ

Ȃ 

̂5̃ ῏ ҍ ̔ ӟ ץ ꜛ ӊ ῏ ̆ᶛ

̆ ӊ ῏ ῏ ӟ Ȃ 

ԍ ӟ ̔ 

̂1̃ ̂CNÑȂ ѿ Ғ ԍ Ἕ ӟ

̆ ȁ ῃ ᴆ Ἕ № ᴋⱵȂCNN

ᵬ̆ ≠ ̂filter̃ ῀ Ἕ ᵬ̆׆ ⌠

ἝҬ ̆ ȁ Ȃ ᵬ ̆ ᴪᶏ ₱

ץ̆ ⱴ ⱬȂ ᵬ ԍ ᵞ ⁞̆

Ȃ ᵬ ̆ ⌠ ᴪ ѿ ̆

ῃ № ᴋⱵȂCNN ҬҺ ԍץҊ₃ҩ

̔ 

ŵ Ἕ№ ҍ ≢  ̔CNN ץ ԍ Ἕ № ≢ᴋⱵ̆ɒ ≢Ҍ

̂ ᵣȁ ȁ ̃ Ȃ CNN ̆ ץ

Ἕ ꜚ № ≢Ȃ 

Ŷ ᵣ ҍ№◓̔CNN ץ ԍ ᵣ №◓̆ᶛ ἝҬ

№◓ ȁ ȁ ᵣȂ ԍ ⅞ȁ֜ ΐ ӈȂ 

ŷ Ἕ ҍ ̔CNN ץ ԍ Ἕ ̆ᶛ

̂GAÑ Ἕ̆ CNN Ἕ ̆ Ἕ

Ȃ 

Ÿ ῏ ҍ ̔CNN ץ ԍ Ҭ ̆ᶛ ֜ ȁ֜

̆ ӟ ̆ ӊ ῏ Ȃ 

̂2̃ ̂RNÑȂ ѿ Ғ ԍ ↓

̆ ΐ ⱳ ̆ ᵟӊ╠ Ḥ ԍ ╠ ҬȂRNN
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↓ ̆ ҩ ᴪ ╠ ῀ ҉ѿҩ ̆ ₮ ╠

ȂRNN ↓ ̆ ΐ ѿ

ⱬ̆ ץ ᵟӊ╠ Ḥ ԍ ╠ ҬȂRNN ҹ҈ҩ№ץ

№̔ ῀ ȁ ₮ Ȃ ῀ ↓ ῀̆ RNN №̆

ѿҩ ̆ ץ ҉ѿҩ ̆ ╠ ῀ ҉ѿҩ

̆ ⌠ ╠ Ȃ ₮ ╠

₮ ̆ ץ ѿҩ ṿ № Ȃᴰ RNN

̆ ץ ↓ Ȃҹԅ ‗ ѿ ̆ ₮ԅ ̂LSTM̃

ᾝ̂GRŨ ̆ ץ ↓

Ȃ 

RNN/LSTM/GRU ҬҺ ԍץҊ₃ҩ ̔ 

ŵ ̔RNN ץ ԍ ᴋⱵ̆ᶛ ȁ֜

Ȃ RNN ̆ ץ ӟ ӊ ῏ ׆̆ Ȃ 

Ŷ ↓№  ̔RNN ץ ԍ№ ↓ ̆ɒ Ҍ ӊ

῏ ῏ ȁ ל Ȃ 

ŷ  ̔RNN ץ ԍ ̆ɒ ӟ

̆ ̆ ֜ Ȃ 

Ÿ ҍ  ̔RNN ץ ԍ Ҭ ’̆ɒ ֜

ȁ ̂ ȁ ̃ Ȃ 

Ź Ԋᴆ  ̔RNN ץ ԍ Ԋᴆ ̆ɒ № ̆

ȁל ≠ Ȃ 

̂3̃ ̂GNÑȂ ѿ Ғ ԍ ̆

ץ ӟ Ȃ ҹ ̆

ҩ ѿҩ ᵣ̆ ӊ ῏ ȂGNN ӟ ӊ

№ Ȃ GNNҬ̆ ҩ ѿҩ ῒ

Ḥ ̆ ԅ ̆ Ҭ Ӟ ץ Ȃ ҉̆GNN Ḥ ᴰ

ӟ ӊ ῏ ̆ ԅ ≢ ̆ ץ ӟ ≢

Ȃ GNNҬ ᴆ̆ ԍ ӊ Ḥ ᴰ Ȃ

̆GNN ץ ӟ Ҭ ׆̆

ӟ Ȃ ᴰ ᴨ ̆GNN ץ ꜚ ӟ⌠ ᴨ

׆̆ № Ȃ 

GNN ҬҺ ԍץҊ₃ҩ ̔ 

ŵ ῏  ̔GNN ץ ԍ Ҭ ῏ ̆ɒ ӊ ֜

ȁ ᵝ ӊ Ȃ ӟ ῏ ̆ ץ ӊ ῏

Ȃ 

Ŷ №  ̔GNN ץ ԍ№ Ҭ ῏ ̆ɒ ӟ

ҬҌ ӊ ῏ ῏ ̆ № Ȃ 

ŷ Ḥ  ̔GNN ץ ԍ Ḥ Ҭ ῏ ̆ɒ ӟ ӊ

֜ ֲ ꜚ ̆ ל ⅞ Ȃ 

Ÿ Ԋᴆ ̔ GNN ץ ԍ Ԋᴆ ̆ᶛ ӟ ȁ

̆ Ȃ 

Ź  ̔GNN ץ ԍ ̆ɒ ӟ ᵝ ӊ

῏ ̆ ̆ ꜛ № Ȃ 

̂4̃ ̂GAÑȂ ̂Generative Adversarial Network, GAÑ
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ѿ ӟ ̆ ̂Generator̃ ∞≢ ̂Discriminator̃ ̆

ӟ Ȃ ̆ ∞≢ №

Ȃң Ҍ ᴨ ̆ ץ

Ȃ ᵬҹ ῀̆ ∞̕≢ №

̆ ₮ѿҩ ṿ ȂGAN

ѿҩ ̆ ∞≢ Ҍ ᴨ Ȃ 

GAN ҬҺ ԍץҊ₃ҩ ̔ 

ŵ Ἕ ̔ GAN ץ ԍ Ἕ̆ᶛ Ἕȁ

Ἕ Ȃ ̆ ץ ΐ Ἕ̆ ԍ № Ȃ 

Ŷ  ̔GAN ץ ԍ ̆ɒ ӟ

ᵝ ̆ Ἕ̆ ֜ Ȃ 

ŷ Ḥ ̔ GAN ץ ԍ Ḥ ̆ᶛ ӟ

̆ Ἕ ̆ Ἕ Ȃ 

Ÿ Ԋᴆ  ̔GAN ץ ԍ Ԋᴆ ̆ɒ Ҍ

Ҋ Ἕ ∞̆≢ ץ ᵀ Ἕ ׆̆ Ԋᴆ

Ȃ 

Ź ҍ  ̔GAN ץ ԍ Ҭ ’̆ɒ ἝҬ

ȁ ̂ ȁ ̃ Ȃ 

3.3.2 B ғ ↔ 

ᴨ ҍ ⅞ Һ Һ̆

ᵥ≠ ᴨ ⅞ ≠ ץ̆ ⌠ ᴨ

Ȃ ѿҺ Ҋ₃ҩץ ῤ ŵ̔ ᴨ ̔ ᴨ ≠

№ ᴨ ץ̆ ᶃ Ȃ ᴨ ץ ԍ ⅞ȁ֜

⅞ȁ ̆ № ᴆ̆ ⌠ ᴨ ץ̆

≠ ȂŶ ⅞̔ ⅞ ῤ̆ ⅞

ᴆ └̆ ≠ Ȃ ⅞ ץ ԍ ȁ ≠

⅞ȁ Ḡ ̆ № ⅞̆ ≠

Ȃŷ ̔ ᴨ ҍ ⅞Ҭ ᴰ ȁ ȁ

Ȃ ֓ ȁ ᵣ ҹ └̆ ᴨ ᴨ

ץ̆ ᴨ ҍ ⅞ ȂŸ № ̔ № ᴨ ҍ

⅞ ̆ ȁ Ữȁ № Ȃ ץ Ḥ ȁ

ȁᴰ ̆ № ̆ ץ ȁ ҹ̆ל ᴨ

ҍ ⅞ ᶫᶭ ȂŹ ̔ ᴨ ҍ ⅞ ̆ ⅞ȁ֜

⅞ȁ Ḡ ȁ ҩ Ȃ ᴨ ҍ ⅞̆ ץ

ȁ ≠ Ȃ ⌠ Һ ᴰ ̂Genetic Algorithm, 

GÃȁ ̂Ant Colony Optimization, ACOȁ̃ ̂Particle Swarm Optimization, 

PSÕ Ȃ 

̂1̃ ԍ ӟ ⅞ 

⅞ ῏ ᵬ ̆

ԍֲ ⅞ ԍ ⅞Ȃҹԅᾥ Ҍ

↕ ̆ ԅѿҩ ᴋ ̆ └ ⅞ᵬ

ҹѿҩ ‗ Ȃҹԅ ‗ ̆ Ҭ ῀ ԍ

ӟ Ȃ ̆ ҉ᴨԍ

ֲ Ғ ⅞̆ ғ ץ Ҍ ’ ⅞Ȃ ⅞ֲ
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ᵬ ᵬ Ҭ̆ ׆ץ Ҭ ׆ ֟ⱬ̆

⅞Ȃ 

ᾝ ҹ ȁ ȁ ҈ ₃ᵥ ̆ ҩ

ҹѿҩ ῒ̆Ҭ ₃ᵥ ̆ ף ֓₃ᵥ ӊ ῏ ̆

ңҩ₃ᵥ ↕̆ңҩ Ȃ ҩ ῒ Ḥ Ữҹ ̆

₃ᵥ ȁ ȁ ȁ ȁ Ȃ ̆ ⅞ ץ ҹ

ꜚ ҉Ạ₮ ̆ῒҬ ף ꜚᵬ Ȃ ⅞ ̆

ӟ ̆ῒҬAIף ҍ ⅞ ֜ԑ ӟ ᶏ

̂ 3-11̃Ȃ ‗ ̂Markov Decision Process, MDP̃̂ 3-11e, f̃ ץ

Ҋ῏ ᴆ ŵ̔ ╠ ⅞ҍ ү ⱳ ῒזḤ ̆ Ҍ ≠

Ŷ̕ꜚᵬ ╠ ᶏ ᵝ ̆ ֓ᵝ ׆

Ҭ ̕ŷ Ҭ ꞉ҹ 0̆ ԅ ҩ ѿ ̆ῒҬ

ᵀ ᶏ Ÿ̕ ԅ ᵝ ̆ ғ

̂ ҉ ᶏ ̃ ̂ ̃

ҬȂ 

 
3-11 ӟ ⅞  

Fig. 3-11 Deep learning urban community spatial planning algorithm framework 

ѿ Ҭ̆ ᵣ ᶏ GNN Ȃ ҩ ᴰ

̆GNN ȁ ҩ ̂ 3-11ã̆ ᴇṿ

≠ ̂ 3-11b-d̃Ȃΐᵣ ̆ ҹ ᶏ ᵝ ԍ ҉ ̆

ץ ᶏ ῀ ᶏ MLP №̆

3-8b Ȃ ҩ № ̆ ⌠ ̆ ғ

ҹ ᶏ ᵝ Ȃ ᵌ ̆ ⅞Ҭ̆

῀ ᶏ MLP ̂ 3-11d̃ ҩ №̆ ₮ ѿҩ

ῒ ҹ Ȃ ̆ᴇṿ ῀̆ ԅ ҩ ̆ ῃ
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⅞ ̂ 3-11c̃Ȃҹԅ ⅞ ̆ Ҭ̆

҆ҩ ⅞̆ ̆ ῒᵬҹ Ȃ 

̂2̃ ꜚ ֜  

ԅ ֲ ֜ Ҭ ꜚ ֜ ԍ ֜

῏ Ȃ ԍ ̂ᶛ ̆GPS ֜

̃ ѿ ҹDeepTransport̆ԍ ῤ ֲ ꜚ ֜
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Fig. 3-12 Framework for forecasting and simulating resident mobility and traffic patterns 
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3-10 Ὲ῍ Ⱶ ΐ 

Fig. 3-10 Public service facility network search tool 
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3-11 ᵣ  

Fig. 3-11 The flow and structure of streaming data processing 
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Fig. 3-12 The algorithm framework 
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3-13 GeoAI ҈  

Fig. 3-13 Conceptual three-pillar view of the GeoAI large model 
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3-14  

Fig. 3-14 Application process of adaptive expression model of geographic knowledge graph 
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3-15 ԍ ף ӟ Ҭ֜ԑ 

Fig. 3-15 GKG environments and policy-based agents interact in reinforcement learning models 
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3-16 ᶛ 

Fig. 3-16 Example of a geographic knowledge graph 
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